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FOREWORD 

The present study was undertaken by the Convair Division of General 
Dynamics under NASA contract NAS9-14095 and this report covers work 
undertaken from 15 June 1975 through 1 May 1977. The contract monitor 
was Mr. Barney Roberts cf the NASA Johnson Space Center, Houston, 
Texas and the author wishes to acknowledge his very valuable assistance, 
direction and contributions to the successful completion of the study. The 
test data was obtained from models designed, built and tested by Rockwell 
International personnel at NASA Langley Research Center and at Arnold 
Engineering Development Center. We wish to express our appreciation 
to H. Dresser, J. Daileda* and J. Marroquin of Rockwell for their help 
and cooperation in providing test data and reports which greatly assisted 
in the completion of this study. 
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NOMENCLATURE (cont'd) 
Definition 

thrust (lb) 

temperature (*R) 

velocity (ft ^sec) 

radial distance (ft) 

angle of attack (deg) 

angle of yaw (deg); also >/ M 2 - 1 

nozzle angle (deg) 

angular orientation in jet (deg) 

density (lbm/ft 3 ) 

ratio of specific heat 

momentum parameter (lbf) 3 7P M 2 A 

ambient conditions 

rocket chamber condition 

initial condition or conditions at point i 

jet exit conditions 

local condition or rolling moment 

mean aerodynamic chord 

any force or moment coefficient 

pitching moment 

yawing moment 

normal force 

total conditions 

side force 

peak 

free stream condition 
increment due to plume interaction 

xvi 



CASD-NSC-77-008 


NOMENCLATURE (cont'd) 


Symbol 


Definition 


Subscripts (cont'd) 

impingement increment due to plume impingement 

cross coupling increment due to combined jets interacting 

thrust thrust terms 

total sum of all terms 


Superscript? 

mean value or averaged value 
* throat condition 


xvii 



CASD-NSC -77-003 


SUMMARY 

This report is the final technical report and documents the work performed 
through 1 May 1977 under NASA Contract NAS9-14095. 

The space shuttle orbiter has forward mounted and rear mounted Reaction 
Control Systems (RCS) which are used for orbital maneuvering and also 
provide control during entry and abort maneuvers in the atmosphere. RCS 
control effectiveness is critical to orbiter flight performance and safety. 

The effect of interaction between the RCS jets and the flow over the vehicle 
in the atmosphere is the subject of this study. This report presents the 
analysis of test data obtained in the NASA Langley Research Center 31 inch 
continuous flow hypersonic tunnel at a nominal Mach number of 10. 3 and the 
AEDC continous flow hypersonic tunnel "B" at a nominal Mach number of 6. 
The data was obtained with 0, 01 and . 0125 scale force models with aft RCS 
nozzles mounted both on the model and on the sting of the force model 
balance. The plume simulations were accomplished primarily using air in 
a cold gas simulation through scaled nozzles, however, various cold gas 
mixtures of Helium and Argon were also tested to obtain RT ratio effects. 
The major test parameters included: number of nozzles, tests of combined 
RCS controls, aerodynamic control deflections, nozzle geometry, and RCS 
plenum pressure. 

The data shows that RCS nozzle exit momentum ratio is the primary 
correlating parameter for effects where the plume impinges on an adjacent 
surface and mass flow ratio is the parameter when the plume interaction is 
primarily with the external stream. An analytic model of aft mounted RCS 
units was developed in which the total reaction cont rol moments are the sum 
of thrust, impingement, interaction, and cross-coupling terms. 
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1 

INTRODUCTION 

The space shuttle orbiter has two reaction controls systems (RCS), as shown 
In Figure 1-1, which are used for orbital maneuvering. The rear RCS provides 
control during entry until the aerodynamic surfaces have sufficient effectiveness 
to assume full control of the vehicle as shown in Figure 1-2. Both the front and 
rear RCS units ai*e also used during abort maneuvers to separate the orbiter 
from the tank, to pitch it to entry attitude, and to control it until aerodynamic 
control is established. Thus RCS control effectiveness is critical to the space 
shuttle orbiter flight performance and safety. 

The studies performed in References 1 to 3 and wind tunnel data on the present 
baseline orbiter have shown that the control effectiveness of the RCS system is 
appreciably changed by the presence of air flow over and around the vehicle. 
These RCS - flow interactions have acted in directions such that the net RCS 
system effectiveness is much lower than the thrust moments alone and it is 
critical to flight safety and performance to know what the induced RCS - flow 
interaction moments are caused by and to develop methods to predict them. 
These are the basic purposes of this study conducted under NASA contract 
NAS9-14095. -This report is the final report of the work performed on this 
contract through April 1977 and documents the data analysis and analytic model 
development for RCS flow interference prediction. The data used for these 
analyses came principally from the space shuttle orbiter tests designated OA82 
which was documented in Reference 2 of this contract , Test MA22 documented 
in Reference 4, and test OA169 documented in Reference 5. These data were 
obtained from tests conducted by Rockwell International personnel within NASA 
and AEDC test facilities, primarily the NASA-LRC 31 inch continuous flow 
hypersonic tunnel (CFHT) at a nominal Mach number of 10. 3 and AEDC von 
Karman Facility tunnel "B" at Mach number of 6. 0. The data was obtained at 
Langley with a 0. 010 scale force model with the RCS nozzles mounted on the 
sting of the force model balance and with a . 0125 scale model at AEDC where 
the RCS nozzles were mounted on the model as well as on the sting, The plume 
simulations were accomplished primarily using air in a cold gas simulation 
through scaled nozzles, however, various cold gas mixtures of Helium and 
Argon were also tested to obtain (RT) ratio effects. 

This report will concentrate primarily on the data analyses and analytic model 
development and contains 6 parts: 

a) Test Data Summary d) Analytic Program Description 

b) Data Analysis e) Full Scale Error Analysis 

c) Analytic Model Development f) Study Conclusions 

The data presented in this report is data for the aft RCS unit only. 
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Figure 1-1. Reaction Control Subsystem Elements. 
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Figure 1-2. RCS Operational Schedules. 
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TEST SUMMARY 

2. 1 REAR MOUNTED RCS DATA BASE 

Data from all rear mounted RCS tests was provided to Convair by NASA-JSC for 
compilation and analysis under this contract. This rear mounted RCS data base 
represents 18 tests as summarized in Table 2-1. The PRR configuration data was 
obtained by General Dynamics /Convair in the test program reported in Ref. 1 
and all of the remaining test data has been obtained in tests conducted by Rockwell 
International as part of the space shuttle orbiter development and the data for each 
test has been or will be reported in the DATAMAN reporting system for the shuttle. 
The principal sources of data for this analysis were tests designated OA82, MA22, 
and OA1C9. 

2. 2 CONFIGURATION AND REFERENCE DIMENSIONS 

Figure 2-1 presents the Space Shuttle Vehicle 102 Orbiter configuration used in 
these tests. The geometry of the model is defined in detail in Ref. *3 . The 
model was sting mounted in all tests in an arrangement similar to the AEDC VKF 
tunnel B installation shown In Figures 2-2 to 2-4. The presence of the sting and 
of the sting mounted nozzle block used in tests OA82 and MA22 (Figure 2-5) pre- 
vented full simulation of the vehicle base geometry during all rear RCS tests. 
However, as much as possible the major features were maintained. Possible 
effects of sting mounting were shown in Ref. 2, but no further data has been 
obtained to clarify this issue. 

All orbiter data used in this report are referenced to an axial location of 65'" of 
body length and a vertical water line 25 inches below the fuselage reference line 
shown in Figure 2-1. In full scale vehicle dimension: 

a) Vehicle nose station 238 

b) (X) Moment ref. center station 1076. 7 

c) (Z) Moment ref. center waterline 375. 

d) (Y) Moment ref. center butt line 0. 

All data used in the analysis were reduced to coefficient form using the orbiter 
wing area as the reference area, the wing mean aerodynamic chord (c) as the 
longitudinal reference length, and the wing span (b) as the lateral -directional 
reference length. : 9 

a) S re f = s wing = 2690 ( 249 - 9 mete ^s 2 ) 

b) c = 39. 567 Ft. (12. 06 meters) 

c) b = 78. 058 Ft. (23.79 meters) 

2. 3 WIND TUNNEL MODELS 
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2.3.1 OA82/MA22 . 01 Scale Model 

The . 01 scale model used in tests QA82 and MA22 was an aluminum model whose 
geometry is defined in Ref. 0 . The model was attached to a force balance mounted 
on a sting up through the base of the model as shown in Figure 2-5. The plenum 
chamber and nozzle block assembly was also mounted on the sting close to the base 
of the model but not attached to it. Thus the force balance measured model forces 
•and moments and the loads induced by RCS operation but not the RCS jet moments. 
Grounding strips were mounted in the gap between the plenum and the model to insure 
that the model did not ground on the nozzles during the tests. 

This model was equipped with removable nozzle blocks which were changed to test 
RCS jets firing in different directions, to change numbers of nozzles, and to change 
RCS nozzle geometry. A number of different nozzles were used throughout the tests 
and Tables 2-2 to 2-4 present the nozzle code numbers and a brief summary of the nozzle 

characteristics. All nozzles were tested using cold gas supplies located external 
to the tunnel and piped in through a pressure x’egulation system which was used to 
control the pressure in the plenum chamber manually during a tunnel data run. The 
pressure in the plenum chamber was measured by a pressure tap in the chamber con- 
nected to a pressure transducer mounted externally to the tunnel in most tests. The 
test gas used was air for all tests except for 12 runs on test OA82 where helium and 
Argon mixtures were used to vary the gas constant (R) of the test gas. 

The model was equipped with elevons and a body flap which were attached to the 
model by metal brackets which could be changed to other pre-bent sets to obtain 
elevator angles of +10 degrees and -30 degrees and body flap angles of +13. 75 degrees 
and -14. 25 degrees. 

The effects of elevator angle and body flap angle were tested in test MA22. 

2.3.2 OA1G9/IA22 . 0125 Scale Model 

A steel model of the space shuttle orbiter was constructed for these tests using 
the preliminary lines for vehicle configuration 102 as the baseline. This configuration 
is shown in Figure 2-1 and defined in detail in Ref. 6 . The model contained an 
internal force balance and was sting mounted through the base region of the orbiter 
as shown in Figure 2-4. The orbiter main engine nozzles were partially simulated 
on the base of model as well as the most aft side firing nozzle and all vernier 
nozzles on the OMS pods as shown in Figure 2-4 . An external tank model was also 
built, and was used for mated orbiter/extemal tank tests in OA 169 and for tank 
separation tests in IA22. 

The elevons were mounted to the orbiter model using pre-bent brackets so that 
elevon settings of 0, ±10, and ±15 degrees were tested. The body flap, rudder, 
and speed brake were set at 0 degrees during these tests. Two umbilical doors 

0.0 

<m m 
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were provided on the model as shown in Figure 2-r> , and some RCS data was obtained 
with these doors either paitially open or full open. 

Twenty-seven (27) RCS thrusters were simulated on this model. These include 9 in 
the nose and 9 in each of the two rear orbital maneuvering system (QMS) as sketched 
in Figure 1-1. When the flow-through balance was used, the RCS simulation air- 
flow was ducted up the support sting and entered the model through the balance. The 
balance flow was then ducted to 3 plenums within the model; one in front to feed the 
forward RCS thrusters and one for each of the rear OMS pod assemblies. All nozzles 
within a pod shown in Figure 1-1 are connected to the plenum and can be operated in 
any combination. Nine (9) ports connect the individual nozzles to the plenum and are 
plugged when a given nozzle is not being used on a particular run. Individual nozzle 
geometry is fixed and the primary test variables are numbers of nozzles operating in 
a given direction, thrust direction, and combinations of nozzles. The nozzles are all 
metric (thrust measured in balance loads) when the flow-through ’ lance was used. 

An alternate method allowed the rear RCS units to be fed by a non-metric supply fixture 
on the sting. When this arrangement was used, the rear RCS units were non-metric 
also. Nozzle definitions are given Tables 2-2 *o 2-4 where nozzle numbers N95, N9G, 
and N97 are used for the 1, 2, and 3 nozzle cases respectively. 

2.4 TEST SUMMARIES 

2. 4. 1 OA82 Test Program Summary 

The aft RCS test designated OA82 was performed at the NASA Langley Research Center 
Continuous Flow Hypersonic Tunnel (CFHT) where it carried the test number CFHT113. 
The test was performed at a nominal Mach number of 10.3 using a . 01 scale model of 
13 9B orbiter to obtain 6 component force and moment data using a cold gas simulation 
of the RCS exhaust flow. The major test variables included: 

a) tunnel dynamic pressure (q = 75, 100, 125, 150, 200 PSF) 

b) RCS chamber pressure (P 0 j =0 to 700 PSIA) 

c) test gas (air, He, Argon, . 85 He. 15A, .90 He. 10A) 

d) RCS control direction • 

e) number of RCS nozzles 

I Pitch down 1, 2, 3 

II Pitch up 1, 2, 3 

HI Yaw 2, 4 

All aerodynamic control surfaces were kept at zero degree deflection throughout the 
test. The angle of attack range tested varied from -10 degrees to -35 degrees. 
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2. 4. 2 MA22 Test Program Summary 

The aft PCS test designated MA22 was performed at the NASA Langley Research 
Center Continuous Flow Hypersonic Tunnel (CFHT) where it carried the test 
number CFHT 118. This test used the same model and test conditions summarized 
above. The major test variables included: 

a) Tunnel dynamic pressure (q = 125 , 150 PSIA) 

b) RCS chamber pressure (P 0 j =0 to 700 PSIA) 

c) RCS control direction (pitch up, pitch down, yaw) 

d) RCS nozzle geometry (Table 2-2 to 2-4) 
c) Number of RCS nozzles 

f) elevator angle (5 e = + 10®, 0°, -30 e ) 

g) body flap angle (6 bf “ + 13.5°, 0°, -14.25') 

h) Combined RCS control directions 

i) Jet off repeat runs 

Air was used as the test gas for all RCS exhaust simulations in this test. 

2.4.3 OA163 Test Program Summary 

The test designated OA169 was performed at the Arnold Engineering Development 
* Center von Karman Facility Continuous Flow Hypersonic Tunnel B where it carried 
a facility test number V41B-D8A. The test used the . 0125 scale model defined in 
Section 2. 3 and was performed at a nominal Mach number of G. 0. The primary 
purpose of the test was to provide data for Shuttle ’’Return to Launch Site" abort 
separation maneuvers from the external tank. The test thus included data of 
the forward, aft, and combined forward and aft RCS units firing both with and 
without the external tank attached to the orbiter. The portion of the test of 
interest to this part of the RCS study are those runs of raar RCS only without the 
external tank. The principal test parameters for the rear RCS only runs wex*e: 

a) RCS Chamber Pressure (P 0 j =0 to 1150 psia) 

b) RCS control direction (pitch down, pitch up, yaw) 

c) Number of RCS nozzles 

d) combined RCS control directions 

e) umbilical door position 

Data was taken from -10 degrees angle of attack to *45 degrees using one sting 
pre-bend to obtain data from -10° to +15 and another from 15° to 45'. Nominal test 
conditions were: 

a) Mach number = 5. 89 

b) T 0 ^ = 850°R 

c) q® = 93.6 PSF 

d) R e = 1 x 10 c /ft. 
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2. 5 DATA REDUCTION PROC EDU RE 

The test data from all tests was reduced by the wind-tunnel personnel into body 
axis force and moment coefficients (C„, C . , C C_„) with the RCS 

thrust forces and moments removed. Thus, the test data obtained with the non- 
metric RCS jets was reduced directly from measured balance data since the RCS 
jet thrust was not included in the balance loads. These data included all of the 
data on tests OA82, MA22 and some runs of OA1G9. The OA1G9 data obtained with 
the flow-through balance had metric jets and these data were reduced at the wind 
tunnel by removing thrust effects using wind tunnel static calibrations of measured 
thrust effects. 

The net result is that all data received from the wind tunnel represented the basic 
vehicle aerodynamic forces and moments plus any induced loads resulting either 
from RCS jet impingement or from changes to the vehicle flow caused by the RCS 
jet plumes. Therefore, the Incremental induced effects are computed by removing 
the basic vehicle characteristics from the jet-on data: 


A C Ml = c Mj " C M 0 


'!) 


where 


* C M| 
°Mj 


c 


M 


o 


induced force or moment increment 

measured force or moment coefficient with jet on 

measured force or moment coefficient with jet off. 


Because the incremental values can be very small and thus sensitive to data 
scatter, the mean values of the jet off coefficient data were used as the best 
estimates of the data in the previous analyses (Reference 3 ), However, 
because of the lai’ge number of samples of data to be compiled in this analysis, 
the approach taken was to allow all scatter to remain in the data and to use one 
reference jet-off m as the base from which jet-on differences were obtained. 

It turned out not to be possible to use one jet-off run because of the umbilical 
door configurations on OA169 and thuB 3 jet-off runs were used as the reference 
jet-off conditions : 


a) Tests OA82 and MA22 used MA22 run 5 as base 

b) Test OA169 high angle of attack range data used OA1G9 rim 20 as base 

c) Test OA169 low angle of attack range data used OA169 run 337 as base. 
Angle of attack differences between the jet-on data and the jet-off data were 
accounted for by passing a 3rd degree polynomial through the jet-off base data 
with the nearest mean value angle of attack data as the midpoint of the curve fit 
and the interpolation is made to the jet-on angle of attack. Interpolation of the 
base line jet-off data was used since this method results in the same base value 
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without regard to nozzle used, jet pressure, or possible jet-on angle of attack 
effects. Difference data was generated and analyzed for all 0 force and moment 
components. 

During the data analysis the induced data increment was broken into an impingement 
component and a flow interaction component where the interaction component was 
obtained by 


AC 


M. 


interaction 


Cm. " C M " c 
J o 


M 


( 2 ) 


Impingement 


where 


AC 


interaction 


3 induced force or moment resulting from 
RCS flow/flow field interactions 


C 


impingement 


~ predicted force or moment due to 
plume Impingement 


and where the plume impingement of the model nozzles was predicted using the 
model to be discussed in Section 4. 


Nozzle thrust was computed using the calibration data on the model nozzles given 
in Tables 2-2 to 2-4 while the other nozzle flow parameters were computed using ideal 
nozzle equations. 

The discharge coefficient was computed for each test nozzle as the ratio of the 
calibrated thrust to the theoretical thrust as defined in Equation 3: 


where 


r = K T P °j 
C D 




- F ) 


Arj> 

a e 

K T 


- discharge coefficient 
= nozzle throat ai’ea 

= nozzle exit area 
= nozzle calibration coefficient = 


T 

A meas 



y 

P °j 

% 

P» = 

T 

meas 


exhaust gas specific heat ratio 
nozzle chamber pressure 

static pressure at nozzle exit 
ambient pressure 
= measured thrust 


( 3 ) 
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and this discharge coefficient was used to define an effective total pressure when 
computing nozzle flow parameters and Impingement components, 

” C D p Gj (4) 

This effective nozzle total pressure assumes that the principal reason for the 
difference between a real nozzle and its theoritical performance is due to a loss in 
total pressure. This approach was taken when the data analyses showed that it was 
the best method of accounting for scatter between data from different nozzles not 
otherwise accounted for using nozzle simulation parameters. 

2. G SUMMARY OF TEST RESULTS 

2. 6. 1 Pitch Down Jet Induced Data 

The pitch down jet data was generated primarily with the nozzle set designated N49 
whose principal characteristics are defined in Table 2-2 .This nozzle was mounted 
on the left side of the model as were all the other pitch nozzles used in this test 
except for the tests of symmetric pitch down jets. The thrust moments thus would 
be nose down pitch (-) and right wing down roll ( +) in the body axis data sign con- 
vention. 

Figure 2-7 presents the effect of supply pressure for nozzle N49 for freestream 
dynamic pressure of 125 PSF, The nominal values of the RCS thrust moments are 
tabulated with the run symbols on each plot. These data show that the induced pitch 
and roll oppose the thrust moment and they are large compared to the control moment; 
therefore, the total control amplification factor will be low. The lowest pressure 
data on Figure 2-7 cluster very close together indicating a non-linearity in the 
induced effects and the data shows very little sensitivity or change with angle of 
attack. These data are typical of .he pitch down jet incremental data shown in 
Reference 2. Symmetric down firing jet data was primarily obtained during the 
OA 169 test using nozzles N95, N96, and N97 of Table 2-2 with only one other case 
being obtained on test OA32. Symmetric firing of the pitch down jets results in an 
induced moment which is greater than twice the value for one side by a significant 
amount indicating plume/plume flow interaction in the base region of the model 
around the sting mount. These data indicate that a better representation of the 
base region is needed for the pitch down RCS simulation. The roll jet data of 
Reference 2, showed that the normal force and pitching moment effects are derived 
primarily from the pitch down jet, the side force and yawing moment are derived 
from the pitch up jet, and the induced roll increment as the sum of the single jet 
induced effects . 
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2. 6. 2 Pitch Up Jet Induced Data 

The pitch-up PCS data was generated primarily with the nozzle designated as N 52 
whose principal characteristics are defined in Table 2-3. All pitch up nozzles were 
mounted on the right side of the model and the nozzle sets exhausted vertically 
upward past the vertical fin which is approximately 9 nozzle diameters laterally 
from the nozzle centerlines. Figure 2-8 presents typical data of the induced 
forces and moments resulting from ECS jets firing upward. The pitch axis data 
shows some jet interaction effects at negative angle of attack where the upper 
surface is completely exposed to the flow but very little at higher angles of 
attack. The trends are much clearer in the lateral-directional data which shows 
strong interactions at negative angles decreasing as the angle of attack increases 
to approximately 10 degrees. Above this angle the induced effects become 
relatively insensitive to angle of attack. This data could be interpreted to show 
that a jet interaction type of flow occurs as long as the free stream flow is attached 
to the fin and when this is no longer true the interaction is primarily plume 
impingement on the fin where the plume shape is modified by freestream flow 
over the vehicle. 

2. 6. 3 Yaw Jet Induced Data 

The yaw jet data obtained in tesc OA82 and MA22 were obtained primarily with the 
nozzle set designated Ngg whose characteristics are defined in Table 2-4. All yaw 
nozzles were mounted on the left side of the model and exhausted perpendicular 
to the fuselage centerline in a plane parallel to the wing and approximately 13 
nozzle diameters above it. Figure 2-9 presents yaw ECS data at two supply 
pressures and these data show little flow interaction at angles of attack below 
5 degrees except in yaw where there appears to be some amplification of the 
thrust moment due to jet interaction. At higher angles of attack, pitch up and left 
wing down moments are induced by the yaw jet but the effect appears to be non- 
linear in that the initial thrust created a larger change in moments than that 
caused by increasing thrust. 

2.6.4 Combined C ontrol Data 

Combined control data was obtained during these tests for the following control 
combinations : 

a) Symmetric Pitch down (left and right down firing) 

b) Symmetric Pitch up (left and right up firing) 

c) Symmetric roll (left down and right up) 

d) Pitch up plus yaw (right up and right side yaw) 

e) Pitch down plus yaw (right down plus left side yaw) 
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The combined control data was obtained in limited amounts only and was correlated 
against the sum of the individual control components to determine if there was any 
plume-plume interactions to be considered. 
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TABLE 2-1 
RCS TESTS 


Teat 

Number 

Teat 

Type 

Model 

Scale 

Facility 

Data 

Received 

Other 

- 

Force + 

PRR 

.015 

UPVVT 

Tape 

Original PRR 

OA70 

Heat Transfer 
Force 

139B 

.0X5 

UPWT 

Tape 

Data 

Yaw RCS Data 

OA73 

Force 

139B 

.015 

ABC 3, 5 

Tape 

Only 

OA85 

Force + 
Limited Press. 

139B 

.010 

CFHT 

Tape 

Tabulated Pressure 

OA105 

Force 


»* 


*t 

Only 

IA60 

Force 


♦» 


»» 

Orbiter * Tank 

OA83 

Pressure 


»» 

ARC 3.5 

Plots 

Plotted Data 

LA25 

Force 

" 

.010 

CFHT 

Tape 

Only 

OA82 

Force 

it 

It 

CFHT 

Tape 


OA99 

Force + 
Limited Press. 


.0175 

Vacuum 

Report 

Vacuum Impinge- 

MA22 

Force 


.010 

CFHT 

Tape 

ment 

OA169 

Force 

If 

.0125 

VKF "B" 

Tape 

Forward * Aft 

' 

IA22 

Force 

M 

. 0125 i VKF "B" 

Tape 

RCS Simulations 
Orbiter - Tank 
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TABLE 2-2 PITCH DOWN RCS NOZZLES 


Nozzle 

I.D 

No. of 
Jeta 

Expansion 

Ratio 

Exit 1 Exit 
Diameter Angle 

“T-Pjp 

Outboard 

Cant 

19 


Teat 

Used 

N21 

2 

i. 159 

. 144 in. 

5* 



B 

Left 

OA73 

N22 

If 

•t 

ft 

If 

HI 


o 

ft 

If 

N3X 

ft 

1. 115 

.099 

" 

mvumM 

20* 

Q9 


LA25 










MA22 

N34 

«♦ 

2.351 

,0878 

9* 

. 00266 

if 


»» 

LA25 










MA22 

N35 


If 

*1 


- 

t» 


Right 

LA25 

N3S 

ft 

ft 

M 

ft 

»♦ 

ft 

30* 

ff 

It 

N42 

If 

7.697 

.129 

31. 75* 

.00237 

»f 

ft 

if 

OA85 

N43 

ft 

ft 

It 

ft 


tf 

12* 

Left 

OA85 










MA22 

N45 

ft 

ft 

" 

" 

.0024 



M 

OA85 

N46 

ft 

6.332 

.117 

34.5 


*» 

12* 

Right 

OA85 

N4? 

ft 

♦f 

ft 

'f 

. 00237 

*f 

ft 

Left 

OASS 










MA22 

N49 

*t 

4.43 

.1413 

34.25 

. 00460 

(f 

.. 

It 

IA60 










OA82 










OA85 










MA22 

N50 


ft 

" 


. 00412 

.. 

" 

Right 

IA60 










OA82 










OA85 

N60 

M 

7.7 

.129 

31.75 

. 00240 

M 

ft 

ff 

OA85 

N79 

1 

4. 43 

.1413 

34.21 

1 . 0046 

if 

'* 

Left 

OA82 






{ 




MA22 

N83 

3 

, 

If 

*» 

i . 00452 

*f 

if 

ff 

OA82 






1 




MA22 

N95 

i 

12.5 

.136 

12.01 

| . 001647 

j 20° 

12* 

Left 

OA169 

N96 

2 

" 

ft 

M 

; . 001318 

1 »t 

it 

tf 

If 

N97 

3 

»t 

If 

ft 

' . 0012258 

, 

•f 

*f 

If 

N98 

3 

4.43 

.1413 

34. 21 

1 . 0046 

i 

»» 

Right 

OAS2 
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TABLE 2-3 PITCH UP RCS NOZZLES 


Nozzle 

I.D 

No. of 

Jets 

Expansion 

Ratio 

Exit ( 
Diameter 

Exit 

Angle 


Outbosrd 

Cant. 

Aft ' . Test 

Cant.l SWe Used 

1 ! 

N23 

2 

1.159 

.144 

5* 

. 

0 

i 

0 i Right OA"3 

N32 

n 

1. 155 

.099 

tf 

. 00738 


” " LA 25 

MA22 

N36 

tf 

2. 351 

.0878 

9* 

. 00261 


•’ : ’’ LA25 

MA22 

N44 

If 

7.697 

.129 

31.76* 

. 00245 


" : " OA85 

j MA22 

N4S 

' If 

6.332 

.117 

34.5* 

. 00237 


" : " QA85 

MA22 

N52 

ir 

4. 43 

. 141B 

34. 25* 

.0046 

| 

•f 

i 

'< " IA60 

OA82 
OA85 
MA22 

N7S 

i 

. " 

» 

34.21 

I . 0045 

1 

H 

" ! " OA82 

MA22 

N81 

o 

i " 

t» 

If 

. 00452 

♦f 

" Left OA82 

N82 

3 

If 

j 

If 

. 00452 

»i 

" : " OA82 

'MA22 

N84 

2+2 

It 

1 

j 

j 

If 

. 00443 

ii 

" Right OA82 
' Up -Yaw MA22 

N95 

1 

12.5 

.136 

12.01 

. 001647 

ir 

" Right OA169 

N96 

2 

It 

i n 

" 

. 001318 

it 

»f if ♦♦ 

N97 

3 

*f 

i 

! if 

. 001226 

if 

tf ♦♦ if 

* 
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TABLE 2-4 YAW RCS NOZZLES 


Nozzle 

I.D. 

No. of Expansion 
Jets; Ratio 

1 

Exit 

Diameter 



Exit 

Angle 

T 

Ky“ p 

Outboard 

Cant 

Aft 

| Cant. 

I 

Side | 

i 

Test 

Used 

N19 

2 

! 10.81 

.144 in. 

5* 


0 

! 0 

r 

Left 1 

OA70 



1 

t 







OA73 

N20 

*» 

1 1.159 

t 

• t 

•I 

- 

•t 

f- " 

i 

If 

OA73 

N33 

»» 

i .. 

1 

.099 

It 

. 00792 

it 

i it 

»t 

LA25 



i 





f 


1IA22 

N37 

It 

: 2.85 

.0878 

9 

. 00300 

•• 

- 

»t 

LA25 



1 







MA22 

N51 

4 

4.43 

.1413 

34. 25 

. 00405 

»l 

it 

•I 

IA60 










OA82 










OA85 










MA22 

N61 

2 

7.697 

.129 

: 31.75 

. 00221 

ft 

it 

»t 

OA85 










MA22 

N85 

It 

4.43 

.1413 

34.21 

. 00452 

• I 

- 

- 

OA82 










MA22 

N95 

1 

12.5 

.136 

; 12.01 

. 001647 

it 

it 

it 

OA169 

N96 

2 

" 

It 

' It 

. 001318 

»t 


•t 

»t 

N97 

3 

( IT 

tt 

1 " 

. 001226 

" 

<t 

• t 


N100 

3 

4.43 

.1413 

; 34. 21 

.00452 

■ 

«! 

1 


OA52 
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Figure 2-5. OA82/MA22 Sting Mounted RCS. 
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Figure 2-6. OA169 Umbilical Door Configuration. 
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Figure 2-7a. N 49 Effect of Supp 


2-20 


GASD-NSG -77-00 5 






^E §99 

1 




»/ 

o-98 psia 

a 

0 



3 jl 

‘■“129 psia 

1 

1 

0 






. . 



v 201 psia 

t 

* 

m 

wm 

,473 psia 



m 

|| 

■■ 

f ; 

# 

♦ 



an 

*L* 

^ 





■P9E9I 


» 









20 . 10 . 40 . 





























H 










1 ■■ 


9 

HI 

9 














20 . * 0 . 40 . 


IK (» ) - DEO 


Pressure at Q = 125 PSF. 















JOE FORCE INCREMENT (4 HOLUNG MOMENT INCREMENT (1 CJ YAWING MOMENT INCREMENT (1 C^J 


CASD-NSC -77-00i 















T" 

Y V 

b i 

Y Y 

a 

. Y 

? * 

6 ■ 

wm 

fi 

* 

hhmm 1 


♦ ♦ 

. * 

• 

♦ ♦ 

T , 

♦ 

mm 


Y 

■H 

BHH 


• * 

4 

• 

* • 

« 



• 

♦ 

* 

♦ 












1 









■ 









HIM 

■ 
















•to. 0 to. SO. 10. 40. 



- — n 


r 

— 


■■ ■ 

m 

mtmm 


♦ • 1 






mm 

HBHH 


y ! ' ! < 

* 

$ * 

* 


41 HM ■ 

mmm 

BHH 



Y ♦ 

_ n_ 

♦ 

♦ * 

: 

— 

i* 

pmi 

HH 



§ 

"1 $ 

s 


? — i 

ji ■ 









i ■ 

■ 

■ ■ 

■ ■ 






■ ■ 

■ ■ 


■ 

■ ■ 







■ ■ 

■ 

HHH 


■ 

• 




■ 


■ 

■ ■ 

■■H 

HHH 


• 






HHH 

hhi 


■ 

B8SSB, 


•to. 0 IQ. (0. 10. 40, 

ANGLE OF ATTACK (a) - DEG 


Figure 2-7b. N 49 Effect of Supply Pressure at Q = 125 PSF . 


2-2 















aDE FORCE INCREMENT (fl C^) HO LUNG MOMENT INCREMENT (;. C^) TAWING MOMENT INCREMENT V.CJ 


C AS D-NSC -77-00 3 




Figure 2-8b, N 52 Effect of Supply Pressure at Q = 125 PSF. 
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3 

DATA ANALYSIS 

3. 1 SUMMARY OF PREVIOUS RESULTS 

The analytic model developed in Reference 3 assumes that the total control force 
or moment of a RCS control is the linear sum of the jet force or moment and an 
induced force or moment which is itself the sum of a term contributed by the direct 
impingement of the RCS plumes on adjacent surfaces and an interaction term which 
is the plume flow interacting with the external flow over the vehicle. 

^ M total = jet + impingement C M interaction <1) 

= total control foi’ce or moment coefficient 

= RCS force or moment coefficient 

= force or moment coefficient due to plume 
impingement on adjacent surfaces 

= force or moment coefficient caused by plume 
interactions with the flow over the vehicle. 

The reasons for dividing the RCS induced effects into an impingement and an inter- 
action component are that the vehicle geometry is such that the RCS jets exhaust 
toward many surfaces such as the wing upper surface, the body flap, the main 
propulsion engines, and vertical fin. The vacuum test data (Ref. 7 ) showed that 
there is plume impingement on these surfaces; but, the analysis of Reference 3. 
showed that the total induced forces and moments are larger than that which is 
predicted by plume impingement alone and thus there exists a plume interaction 
with the flow field around the shuttle orbiter. In order to derive this interaction 
term, however, it is necessary to know or assume the impingement term and to 
subtract it from the total induced term. This was done in these analyses by using 
the analytic plume impingement model presented in Section 4 to predict the plume 
impingement for the model nozzle, test gas, and wind tunnel conditions and to 
remove it from the induced data as shown in Equation 2 of Section 2, 

3. 1. 1 Previous Pitch Down/Roll Results 

The analysis reported in Reference 3 established a number of basic facts for the 
left side, pitch down/roll jet data. These are: 

a) Angle of attack is a relatively insensitive parameter 

b) (RT) ratio effects are not important 


total 

° M jet 

impingement 

interaction 
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c) Momentum ratio appeared to be the beet 
correlating parameter 

d) Number of nozzles could be accounted for by using 
an equivalent area in the momentum ratio parameter. 

Based on the first fact, the data was broken into 2 ranges of angle of attack and 
correlations were made for the data below 15° and above 15°. The second fact 
verified that cold gas simulations are acceptable to define reaction control effects 
but did not eliminate mass flow ratio completely as a parameter since almost all 
of the data was based on one nozzle geometry and thus all nozzle parameters were 
directly related to each other in a constant manner. The equivalent nozzle momentum 
ratio was related to wing area as the reference area and the momentum ratio equation 
became : 

^ Mj S Aj 

— = U) 

7oo ^ wing 

3. 1. 2 Previous Pitch Up/Roll Results 

The analysis of the pitch up/roll jet data reported in Reference 3 established a 
number of facts about the flow interaction which include: 

a) The interaction is relatively insensitive to angle of attack at 
hi 6 h angle of attack 

b) The interaction shows a peak value at low angles of attack 

c) There is a region between these two angles of attack where the 
data appears to be independent of nozzle flow parameters 

d) The equivalent nozzle momentum ratio appeared to be the primary 
parameter although mass flow ratio seemed to correlate better 
for the values of normal force and pitching moment at all angles 
of attack. 

Figure 2-8b presents a sample of rolling moment increment data plotted as a 
function of angle of attack. Above 15 degrees, the data appears much like the pitch 
down data in that angle of attack effects are small. As angle of attack decreases 
below 15 degrees angle of attack, all the data appears to follow one curve until a 
peak value is reached and the data decays along separate curves. The peak values 
and the angles of attack at which they occur appear to be functions of some nozzle 
related parameters. The pitch up RCS data was broken into three parts for analysis 
based on these observations which were: 

a) high angle of attack 

b) peak values 

c) below peak values 

The division between the high angle of attack data and the other regions was 
arbitrarily chosen as 15 degrees and the data was averaged in this region to 
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obtain high angle of attack correlations. These data were treated in the same way 
as the pitch down data in which it was assumed that the total induced force or moment 
was the sum of an impingement term and an interaction term. A theoretically pre- 
dicted impingement term was then subtracted from the induced terms in order to define 
the interaction terms for correlation with nozzle parameters. Momentum ratio as 
defined in Equation 2 above appeared to be the better parameter for all data except 
normal force and pitching moment where mass flow ratio was chosen as the parameter. 

The model for predicting the effects in the low angle of attack region consisted of the 
following steps: 

a) predict peak value as a function of nozzle parameters, 

b) predict peak angle of attack from peak value, 

e) if the angle of attack is above that for the peak value, predict interaction 
value from angle of attack vs peak value curve 

d) if the angle of attack is below that for the peak, predict interaction based 
on a decay from peak curve fit. 

The peak values of side force, rolling moment, and yawing moment showed excellent 
correlation with momentum ratio while the peak normal force data tended to show good 
agreement with mass flow ratio but the peak pitching moment showed only poor agree- 
ment with either parameter- Steps b and c listed above required curve fits of peak 
values versus angle of attack which were made also. 

Figure 3- 1 showed that the interaction data decayed to a reduced level at angles of 
attack below that of the peak value. A limited amount of analysis was performed in 
this region because the number of data points is very small particularly for the higher 
jet pressures where the peak value was reached at or very near the lowest value of 
angle of attack tested and the curves depend on the lowest pressure data where error 
effects become large. 


A model was tentatively selected for this region which used the peak value and assumed 
that the interaction increment goes to zero at 20 degrees below the peak. 


C 


M 




(3) 


where _ 


a pitch up force or moment coefficient 


C = peak pitch up force or moment coefficient 

Mpeak 

a ? = angle of attack 

3. 1. 3 Previous Yaw Results 


Very few yaw RCS data were available to analyze in Pieference 3 , These data 

did establish the following facts about yaw RCS jet interaction: 


3-3 



CASD-NSC-77-003 


a) The data showed moderate sensitivity to 
angle of attack 

b) (RT) ratio effects are important and mass 
flow ratio appeared to be the better correlating 
parameter. 

The data was divided into a low angle of attack model (a < 15°) and a high angle 
of attack model and was averaged over each angle of attack range. The parameter 
which appeared to work best was mass flow ratio as defined in Equation 4 
and curve fits were made using it as the parameter. 
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(4) 


The limited amount of data, however, showed a fair amount of scatter and 
confidence in the results was low. 

3. 1. 4 Previous Combined Control Results 

A very limited set of combined control results were analyzed in Reference 3 
and a set of corrections were obtained which in general ratioed the combined 
effects to the data for the single axis controls. Cross -coupling effects were 
found in the following cases : 

a) symmetric pitch down 

b) symmetric roll 

c) pitch up plus yaw on same side 

3. 2 PITCH DOWN /ROLL RCS INTERACTION 

Section 3. 1. 1 briefly described the previous results obtained from data fi’om test 
OA82 at Mach 10. The test labeled MA22 added considerable data to the pitch 
down data base particularity through the testing of a large number of nozzles 
ranging in expansion ratio from 1. 15 to 7. 7 as jhown in Table 2-2. Test OA169 
then added to the data base with Mach 6 data and a nozzle of an expansion ratio 
of 12.5. These data removed the previous limitations on nozzle simulation 
parameters (i. e. , that they were all directly related because only one nozzle 
geometry was tested) and it was decided to start the analysis over again as in 
Reference 3 to ascertain the best interaction correlating parameter. In addition 
since a large body of data was available it was decided to account for angle of 
attack effects by eliminating the high-low model with its attendant data averaging 
and to curve fit all data within selected angle of attack bands. Another purpose 
of this approach was to obtain good estimates of the true data scatter within a 
given angle of attack range so that the standard deviation of error could be 
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computed. The data intervals were chose as 5 degrees starting from -10 degrees 
angle of attack to 35 degrees with a . 5 degree buffer on both ends of the interval 
to insure all data on the end of tin interval occurred in both samples. The data 
above 35 degrees (up to 43 degrees) were taken in one interval. 

The re-analysis of the new data base confirmed the fact that the equivalent area 
momentum ratio described in Equation 2 was the best parameter for the pitch 
down-roll RCS interaction data. Considerable scatter was found between different 
nozzles operating at the same nominal momentum ratio and a number of second 
order parameters were tiled to correct for this. The resolution of this 
problem which resulted in the greatest reduction in this kind of scatter was to 
account for the actual nozzle characteristics in the momentum ratio through the 
use of a coefficient which accounts for the actual nozzle performance ratioed to 
its theoretical performance. This coefficient is defined in Section 2 , Equation 3 
and is called a discharge coefficient in this analysis. Thus effective momentum 
ratio is defined: 



theoretical 


( 3 ) 


where „ 
C D 


= discharge coefficient (Section 2 , Equation 3) 


(4i) 

' theoretical 


= ideal nozzle momentum ratio (Equation 2) 


and any further reference to momentum ratio in this section refers to the Equation 
definition. 


All data were curve fitted with both a quadratic and cubic least square curve fit 
and the one with the lowest root mean square error was chosen to represent the 
data. The cubic curve has the general form: 



where A n 


= any force or moment due to interaction 
= curve fit constants 
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In addition a maximum and minimum value of momentum ratio are specified over 
which the equation applies. All data presented h« re are at zero elevon and body 
flap control deflection. Control deflection effec t are treated incrementally and 
will be presented in Section 3. 6 and 3.7. 

3. 2. 1 Pitch Down Axial Force Correlations 

Table 3-1 presents the coefficients for th« ten (10) angle of attack intervals over 
which the data was curve-fitted while Figures 3-la to 3-lj present the correlations 
between the curve fits and the data base. These curves show that the lowest number 
of points within an angle of attack interval was 99 and the greatest number was 153 
both numbers are sufficiently large to insure a good statistical sample. The root- 
mean-square error was computed from the least square curve fit and is tabulated 
on each plot as the standard deviation (sigma). Also plotted are the 2 sigma error 
band limits around the least square curve fits to show how the data scatters within 
the error band. 

All data shows the same trend that increasing RCS jet momentum ratio results in 
a decrease in axial force up to a momentum ratio (Equation 5 ) of approximately 

0. 1 which is close to the upper limit of data obtained. The best fit as measured 
by lowest root mean square error occurs in the 25 to 30 degree angle of attack 
range while the worst occurs from -10 to -5 degrees angle of attack although the 
values of sigma for both are close. The intercept (Oq) does not approach zero 
below 10 degrees angle of attack and probably represents a measure of average 
difference between the jet-off data and a total test base jet -off average. As such, 
one approach to using these curves would be to set this term to zero and in effect 
adjusting the data to obtain zero interaction at the no flow condition. The OA169 
data can be seen on these curves to be well within the scatter of the Mach 10 data 
except perhaps at 15 degrees angle of attack where the OA169 data itself showed a 
discontinuity between the high and low range angle of attack data. 

3. 2. 2 Pitch Down Normal Force Correlations 

Table 3-2 presents the equations for the curve fits of normal force versus 
momentum ratio shown in Figure 3-2a to 3--2j. These curves are plotted in 
the same manner described for the axial force above and show that exhausting 
the RCS down' toward the wing results in a negative normal force being generated 
at all angles of attack which is proportional to the equivalent nozzle effective 
momentum ratio. The data below 20 degrees angle of attack shows excellent 
correlation with a small root-mean-square errors, however, the data above 
20 degrees shows increasingly more scatter with increasing angle of attack. This 
was shown in Reference 3 to come in part from the sizeable differences in jet- 
off data at high angles of attack and is seen primarily in the Mach 10 data. The 
Mach 6 data is well within the error band of the total data indicating no discernable 
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Mach effect and it is possible that a fit of the Mach 0 data only at high angles of attack 
would be a better curve. 

3.2.3 Pitch Down Side Force Correlations 

Table 3-3 presents the equations of the side force due to downward exhausting RCS 
nozzles while Figures 3-3a to 3-3 j present the correlating curves. All pitch down 
RCS data was obtained from nozzles mounted on the left side of the model so that 
all interaction result in a positive side force increment. The equations fit the 
data about equally well at all angles of attack and no Mach effects can be seen. 

3.2.4 Pitch Down Pitching Moment Correlations 

Table 3-4 and Figures 3-4 a to 3-4 j present the correlation of pitching moment 
induced by the RCS unit exhausting toward the wing. These data are for the RCS 
units on one side only; the symmetric pitch down case will be considered in Section 
3.5. The data shown in Figux’es 3-4 a to 3-4 j show that exhausting RCS jets toward 
the wing results in a nose up pitching moment being induced on the vehicle at all 
angles of attack which counteracts the thrust moment being generated. The poorest 
correlation occurs at the lowest angle of attack but the RMS error is still close to 
the rest of the data. The Mach 6 data in the 10 to 15 degree angle of attack range 
appears to lie along a different line than the Mach 10 data but this is the only angle 
of attack interval where this occurs. 

3. 2. 5 Pitch Down Rolling Moment Correlations 

Table 3-5 and Figures 3-5 a to 3-5 j present the correlations of rolling moment across 
the ten (10) angle of attack intervals. The pitch down/roll RCS data was all taken 
with the jets exhausting downward m the left side of the model so that a negative 
rolling moment indicates the induced moments counteract the thrust moment. The 
curve fits appear to be uniformly consistent across the angle of attack range with the 
RMS error slightly larger in the lowest range and best at the highest angles of 
attack. 


3.2.6 Pitch Down Y awing Moment Correlations 

Figures 3-6 a to 3-6 j show that the yawing moment induced by pitch down jets is 
dependent on the jet momentum ratio only up to a momentum ratio of about . 04 
where it becomes constant. The scatter in the data is large relative to the small 
values of measured induced moment due to taking the differences between two 
small numbers. The curve-fit equations of Table 3-6 only apply to the maximum 
value and are assumed constant at this value at momentum ratios above the 
maximum. 
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3. 3 PITCH UP /ROLL RCS INTERACTION 

Section 3.1.2 briefly summarized the previous pitch up/roll reaction control 
system results and models. The additional data base obtained in test MA22 
expanded the correlation of nozzle parameters since as shown in Table 2-3 
a number of different nozzle geometries were tested. The OA1G9 data at 
Mach G added Mach number as a correlation variable as well as increasing the 
nozzle expansion ratio range and numbers of nozzle data to the base. The 
data to be reported in this section was obtained from nozzles exhausting up- 
ward past the vertical fin on the right side of the model. 

The approach taken in this part of the study was similar to that of Section 3 . 2 
basically to start over with the new data base and to reanalyze all of the data 
together rather than to make the data fit the old model. In this ease large changes 

to the model have resulted from this approach. First the longitudinal data 
(Cn* C a , C m ) were found not to have peak values at low angle of attack but 
were better correlated by the approach used for pitch down data in Section 3. 2 
that is to break it up into intervals by angle of attack and correlate each interval. 

The longitudinal data using this approach was also found to correlate better with 
momentum ratio than mass flow ratio as pie viously modeled making it consistent 
with the other pitch up RCS correlations. The occurance of a peak value at low 
angles of attack still remains in the lateral -directional data (Cy, C ; , C n ). 

3.3.1 Longitudinal Data 

3. 3. 1. 1 Pitch Up Axial Force Interaction 

Table 3-7 and Figures 3-7a to 3-7j present the correlations of induced axial force 
versus equivalent nozzle effective momentum ratio (Equation 5 ). These figures 
show a relatively small change (reduction) in axial force occurs when the jets 
exhausting upward are fired but good correlations are obtained at all angles of 
attack with momentum ratio. The smallest number of data points obtained within 
one interval was 77 and the largest 123. The Mach G data tends to scatter at the 
edge of the data band at low angles of attack, however, it occurs on both edges 
(Figures 3-7d and e) and no significant Mach effect can be ascertained. 

3. 3. 1. 2 Pitch Up Normal Force Interaction 

The additional data base obtained in tests MA22 and OA169 have changed the normal 
force interaction from a peak model at low angle of attack correlated with mass flow 
ratio to a model based on momentum ratio with no peak value. Table 3-9 and 
Figures 3-8a to 3— 8j show the correlation. If we consider the higher angles of 
attack first (Figures 3-8f to 3-8j), we see that only a small induced normal force 
results from the plumes exhausting upward and the high angle of attack data scatter 
largely masks it. Only the Mach 6 data appears to show any trend. In contrast at 
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low angles of attack while the force is small the correlation is clear for the Mach 10 
data but the very limited Mach 6 data tends to show no induced normal force. The 
model shown in Table 3-8 was chosen to follow the data correlations up to 20 degrees 
and assumes no effect beyond this angle of attack. These data show that the induced 
force acts in the same direction as the thrust and this enhances control power. 

3. 3. 1. 3 Pitch Up Pitching Moment Interaction 

Table 3-9 and Figures 3-9a to 3-9j present the induced pitching moment resulting 
from firing the pitch up RCS units. Figure 3 -9a shows that the thrust moment is 
enhanced by the interaction at negative angles of attack where the upper surface 
is fully exposed to the flow, however, this amplification disappears at zero angle 
of attack ( Figure 3-9b) and some very small nose down moments appear. It would 
seem that the only source of these small moments could be the reduction in axial ' 
force (Figures 3-7a to 3-7j) acting on the base of the missile but the effect is clouded 
by possible sting effects on any base flow. 

3.3.2 Lateral -Directional High Angle of Attack Data 

The lateral -directional data at angles above 15 degrees has been correlated with 
momentum ratio just as the longitudinal data. The peak value correlation for low 
angles will be treated in Section 3. 3. 3. . 

3. 3. 2. 1 Pitch Up Side Force Interaction 

The pitch up RCS data was obtained from RCS simulations all exhausting upward 
past the right side of the vertical fin thus, any interaction would expected to be 
with the fin and have a negative sign. Table 3-10 and Figures 3-10a to 3-10e indicate 
that such an interaction does occur and that it correlates well with momentum ratio 
as defined by Equation 5. None of these curves shows that a maximum value 
occurs within the range of measured data and this makes it difficult to know how far to 
extrapolate to the limiting low 7 dynamic pressure case. 

3. 3. 2. 2 Pitch Up Rolling Moment Interaction 

The incremental induced rolling moment data is presented in Figures 3-lla to 3-lle 
and the corresponding curve fits in Table 3-11. These data show that the induced 
moment counteracts the desired control moment from the thrust of the RCS units. 

The curve fits of the data again show no maximum values and it is critical to the 
roll control to know how far these curves can be extrapolated in the very low 7 
dynamic pressure cases. 

3. 3. 2. 3 Pitch Up Yawing Moment Interaction 

Figures 3 -12a to 3-12e and Table 3-12 present the yawing moment data for the 
pitch up RCS at high angles of attack which shows the same trends as the other 
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lateral-directional data. In all three lateral-directional components the curve fit 
routine chose to pass closer to the N82 nozzle data at the highest measured 
momentum ratio in preference to the N52 data at a momentum ratio of . 08. The 
fairing of the curve in this range could be critical to roll control at high angles 
of attack and low dynamic pressure during entry as will be discussed further in 
the error analysis. The equations at present do not extrapolate the data 
beyond a momentum ratio of . 1. 

3.3.3 Lateral Directional Low Angle of Attack Correlations 

Figure 3- 1 showed that the reaction control system-flow field interaction 
exhibited a range of peak values at lower angles of attack. The analysis of 
Reference 3 showed that the peak value and the angle of attack at which it 

occurred are dependent on nozzle momentum ratio. The present analysis 
arrived at the same results except that considerably more data was available 
to give higher confidence in the fact that momentum ratio is the primary 
correlating parameter and new curve fits of peak value data were obtained. 

The model for predicting the RCS interaction lateral -directional effects in 
the peak value region proceeds in the following manner. 

a) Predict peak force or moment coefficient as a function 
of momentum ratio (Table 3-13) 

b) Predict the angle of attack at which the peak value 
occurs as a function of peak value (Table 3-14) 

c) If present angle of attack is greater than peak angle, 
recompute interaction coefficient as a function of 
angle of attack (Table 3-14) 

d) If present angle of attack is lower than that of the peak 
value, compute interaction based on decay from peak 
value model as a function of peak value and incremental 
angle below peak value. (Table 3-15). 

Tables 3-13 to 3-15 summarize the coefficients for the equations used above and 
the momentum ratio used for peak values is defined by Equation 5 . 

3 . 3 . 3 . 1 Peak Intern ction Coefficients 

Figures 3-13a to 3-13c present the correlations of peak values ot the side force, 
rolling moment, and yawing moment. Only one point was obtained on a data 
run so the number of samples is low compared to other data correlations discussed 
earlier, however, the sample size of 43 joints is still large enough to be an 
excellent measure of the true nature of the data. The curves show very little 
scatter at low values of momentum ratio where the OA169 Mach 6 data shows 
good agreement with the Mach 10 data indicating no significant Mach effect. 

The yawing moment and rolling moment peak interaction curves do not reach 
maximum values within the measured data range so the limit of a momentum 
ratio of . 1 is applied as a limit on these curves. 
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3. 3. 3. 2 Peak Value Angle of Attack Correlations 

The sample data shown in Figure 3-1 show that the angle of attack at which 
the peak value occurs is directly related to the peak value and through that to 
nozzle momentum ratio. Attempts to correlate peak value angles of attack 
with momentum ratio demonstrated that a better fit was obtained by fitting the 
peak value of coefficient against the angle of attack at which it occurred as 
shown in Figures 3-14a, 3-14c, and 3-14e. These curves show good correlation 
in which increasing momentum ratio which increases peak interaction 
(Figure 3-13) also causes it to occur at lower angle of attack, Better correlation 
would have required more data at angles of attack below -10 degrees for the 
higher momentum ratios and smaller intervals in angle of attack near the 
peak values. The curve fit of peak value versus angle of attack is fairly flat 
and the angle of attack interval was usually 2 degrees so that chosing the peak 
value and its angle of attack would be very prone to error and more scatter 
would have been expected. 

The data tends to .show and the model assumes that all data at angles of attack 
above the peak value but below the high angle of attack range collapse into one 
curve which can be described by the peak value versus angle of attack 
correlation. Figures 3-14b, 3-14d, and 3~14f present correlation of the avail- 
able data at all momentum ratios tested from . 004 to . 09 starting from the 
peak value and terminating at 15 degrees angle of attack. The shape of these 
data curves shows good agreement with the peak value curves and the collapse 
of all curves into one is verified. 

3. 3. 3. 3 Correlations at Angles of Attack Below the Peak Value 

The data sample of Figure 2-8 shows that the interaction decreases at angles 
of attack below that where the peak value occurs. The value of interaction at 
any of these angles appears to be tied to the peak value and the angle at which 
it occurs. The first correlation developed in Reference 3 correlated the ratio 
of the present value to the peak value against the incremental angle below tlie 
angle of the peak value. Figures 3-15a, 3-15b, and 3-15c present similar 
correlations made for this analysis of the expanded data base. A large scatter 
is to be expected in this analysis since the data base is primarily derived from, 
the data where the peak value occurs at the higher angles of attack. These data 
were obtained at the lowest momentum ratios tested and would be expected to have 
the greatest scatter. Scatter results from the 4 terms in this correlation, 
however no other correlation was found which worked any better. In this analysis 
the peak value correlations of Figures 3-13 and 3-14 were used to generate the 
peak interaction coefficient and the angle of attack at which it occurred to help 
reduce the scatter. Cubic curve fits were applied to the data, whose coefficients 
are defined in Table 3-15. The rolling moment data (3-15c) shows that the 
interaction decreases until no measureable interaction occurs at approximately 
15 degrees below the peak value. The Mach 6 data appears to agree with the 
Mach 10 data in this region also. 
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3.4 YAW RCS INTERACTION 

Section 3. 1. 3 described the previous yaw reaction control system interaction 
results and gives the definition of mass flow ratio used in that analysis. The 
yaw nozzle data obtained from the nozzles defined in Table 2-4 for test MA22 
resulted in a large increase in the range of nozzle parameters obtained compared 
to that from previous tests whi 3 the OA169 data added to the data base Mach 6 
data and extended the data of the effects of the number of nozzles within a cluster 
to a large degree. All data was obtained from nozzles on the left side of the model 
exhausting outboard parallel to the left wing. 

Analysis of the data showed that the number of nozzles was not a parameter in 
the correlation but that nozzle exit angle was a parameter. Mass flow ratio 
proved to be a better parameter than momentum ratio when modified to the 
following form 3 

m j / yjR m T w (C D Pj M 1 A i )“ S i n (0 N ) 
m ,8 \ ye 0 R j T j (Pco M» ) 

In general the correlations worked best with the mass flow parameter given in 
Equation 7 above although the relationship appears to be weak for much of 
the longitudinal data. 

3. 4. 1 Yaw RCS Axial Force Correlation 

The previous model reported in Reference 3 did not attempt a correlation of 
the induced axial force due to yaw reaction control system operation. Figures 
3-16a to 3-16j show that there is at best only a doubtful relationship established 
at the higher angles of attack. It must be pointed out that a strong one was not 
expected since the yaw RCS flow is away from the fuselage and its large base 
area. The lower angle of attack data is consistent only to the extent that 
low mass flow data show a slight increase in axial force. The coefficients of 
the equations in these figures are given in Table 3-16. 

3. 4. 2 Yaw RCS Normal Force Correlation 

The yaw jets exhaust over the upper surface of the wing so that the expected 
result of an interaction would be a negative normal force increment. Figures 
3-17a to 3-17j shows that this does occur and that the data trends at lower 
angles of attack are much better defined than the axial force data. The equations 
of. the curve fits on these figures are given in Table 3-17. The fact that 
number of nozzles in a yaw cluster is not a parameter is shown by the agree- 
ment between the N51 (4 nozzle) and N85 (2 nozzle) data at Mach 10 and the 
N95 (1 nozzle), N96 (2 nozzle), and N97 (3 nozzle) data at Mach 6. The 
addition of nozzle exit angle into the mass flow parameter resulted from trying 
to get the N33 and N37 to fit into the correlation of the other data. 
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The high angle of attack data shows the same problems with the scatter in the 
Mach 10 data noted previously in both the pitch down data (Section 3. 2. 2) and in 
the pitch up case (Section 3. 3. 1. 2). 

3. 4. 3 Yaw RCS Side Force Correlation 

All yaw jet data was taken with jets exhausting out of the left side RCS pod of 
the model and the positive side load increments shown in Figure 3-18a to 3~18j 
indicate an interaction which enhances the side force generated by the yaw 
thrusters. The data scatter is worst in the negative angle of attack range but 
becomes very consistent at positive angles. Since this positive interaction side 
force is generated on the OMS pod, there must be a negative angle of attack where 
no force is generated and this may be the reason for the scatter at negative angles. 
The fact that numbers of nozzles is not a parameter and that exit angle is a 
parameter is confirmed by these curves. Table 3-18 gives the coefficients of the 
least square cubic curve fit of these data. 

3. 4. 4 Yaw RCS Pitching Moment Correlation 

Table 3-19 and Figures 3-19a to 3-19j show that a nose up pitching moment is 
induced by operation of the yaw reaction control units. The trend is clear at 
negative angles (Figure 3-19a) and again at angles above 15 degrees (Figures 
3-19f to 3-19j). No correlation was found for angles of attack from -5 degrees 
to +15 degrees where interestingly the induced normal force showed its clear- 
est trends. This evidently occurs because the induced moments are so low they 
cannot be resolved from the data scatter. The standard deviation for these data 
are similar to those of the pitch down data shown in Figure 3-4 so that both sets 
have comparible accuracy, 

3.4.5 Yaw RCS Rolling Moment Correlation 

Firing the yaw jets over the left wing of the orbiter results in a left wing down 
induced roll which is small at low angles of attack but becomes much larger 
with increasing angle of attack. This is shown in Figures 3-20a to 3-20j where 
the data above 15 degrees is fairly sensitive to angle of attack as well as the 
nozzle mass flow parameter defined in Equation 7. The coefficients of 
the curve fits are tabulated in Table 3-20. 

The low level of induced roll in the love r angle of att. ck range is a consistent 
result with the pitching moment data of the preceeding section since both would 
arise from interactions with wing upper surface flow, thus , confirming the 
pitching moment results. 

3. 4. 6 Yaw RCS Yawing Moment Correlation 

Table 3-21 and Figures 3-21a to 3-21j present the induced yawing moment data 
resulting from yaw jets exhausting from on the left OMS pod on the model. These 
data show that the thrust moment is enhanced at all angles of attack but the 
greatest amount occurs at low angles. 
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3.5 COMBINED CONTROL 

Combined control refers to the use of more than one cluster of RCS units operating 
at one time. Numbers of jets operating within one cluster has been accounted 
for in the analysis to this point generally through the use of the equivalent nozzle 
momentum ratio (Equation 5 ) or as in the case of the yaw RCS shown not to be 
a factor. Combined control includes the symmetric pitch control cases where 
both side jets are fired together, the pure roll case where one side is fired up 
and one down, and the combined pitch, roll, yaw cases. 

Data was not obtained on all possible control combinations but data was 
obtained on the most important combinations including: 

a) Symmetric pitch down 

b) Symmetric pitch up 

c) Pure roll 

d) Combined pitch up and yaw 

e) opposing pitch down and yaw 

The approach taken in the analysis of these data was to compare the sum of the 
correlating curve fits and associated error bands from Section 3, 2 to 3. 5 with 
the combined control data. The estimated standard deviation error was com- 
puted as the square root of the sum of the squares of the individual control errors 
and plotted on the curves to determine whether the measured data was within 
the expected scatter or not. 

a = J (or + (cr (B) 

combined v control 1 control 2 

» 

When a difference was taken, it was computed as the difference between a 
least squares curve fit of the data and the basic data curve fit. 

3.5.1 Symmetric Pitch Down Correlation 

One symmetric pitch down data run was obtained in test OA82 at Mach 10 and 
was the basis of the previous analysis of Reference 3 . Ten (10) additional 
data runs were obtained at Mach 6 in test OA169 but only 4 were obtained in 
the high angle of attack range. Figures 3-22a to 3-22 1 present the data 
correlations obtained from 15 degrees to 42.5 degrees angle of attack. Samples 
of the axial force correlations are shown in Figures 3-22a to 3-22d. These 
plots show that the Mach 6 data indicates a sizeable increase in the incremental 
axial force due to plume interaction occurs when both sides are fired symmetri- 
cally however, the limited Mach 10 data shows much closer agreement with the 
single side data. Since the region for this interaction is across the base of the 
model, the effect of the sting is a large unknown which(as in Reference 2) 
remains to be resolved. 
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Samples of the Induced normal force are shown in Figures U-22e to 3~22h and 
of the pitching moment in Figures 3-221 to 3-221. These data also show 
additional force and moment are induced by pitch down jets firing an both sides 
of the model. Since other available data does not cover a large range of 
momentum ratios it was decided only to use the linear term of the differences 
in curve fit equations between the single side and the symmetric data. These 
data are tabulated in table 3-22 and show very little variation due to angle of 
attack. The model then uses an average value for the linear coefficient 
independent of angle of attack where the independent variable is the average 
momentum ratio of both clusters of down firing jets. 

The lack of data at higher momentum ratios severly limits this model as does 
the unknown effect of the sting. 

3.5.2 Symmetric Pitch Up RCS Correlation 

Reference 3 showed that the symmetric pitch showed no appreciable effect 
compared to single side data and a similar result was obtained during this 
analysis. 

3.5.3 Coupled Pitch Up/Pitch Down RCS Roll Correlation 

The limited case analysis of Reference 3, concluded that there might be 
additional interaction cross -soupling resulting from pure roll type of reaction 
control operation. These data have been re-analyzed along with additional 
data from tests MA 22 and OA169 and with expected error bands assigned 
from the errors measured in the single side analysis as defined by Equation 8. 
Figures 3~23a to 3-23d present samples of the axial force data to show that 
most of the data is within the expected error band. Figures 3-23e to 3-23 h 
show the same is true for normal force while figures 3-23i to 3-23 1 repeat 
the same result for pitching moment. The rolling moment results are 
summarized in Figures 3-23m to 3-23p where the lower momentum ratio 
results show good agreement with the sum of the predictions but one data 
point of N78N79 data pulls the curve fits apart at the higher momentum ratios. 
It was decided that one data point does not prove a difference. 

This analysis shows that there is no cross -coupling between the pitch up and 
pitch down jet interactions in the coupled roll control case. 

3.5.4 Combined Pitch Up and Yaw Correlation 

The initial analysis reported in Reference 3 computed cross-coupling terms 
resulting from both pitch up and yaw nozzles being operated on the same side 
of the vehicle. Added data was obtained on test MA22 and all the data was 
re-analyzed with the expected error bands assigned. These correlations are 
shown in Figures 3-24a to 3-24 dd and all confirm that no measurable cross- 
coupling exists. 
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3.5.3 Opposing Pitch Down/Y aw RGS 

Test data was obtained with pitch down jets exhausting over the right wing and 
yaw jets over the left wing. No measureable cross -coupling was seen in these 
data. 

3.6 BODY FLAP INCREMENTAL EFFECTS ' 

Data was obtained during test MA22 of RCS effects with aerodynamic control surface 
deflection. Although the aerodynamic controls are not used until the flight dynamic 
pressure becomes large enough for them to be effective, deflection may be desirable 
prior to that time if significant changes in induced reaction control system effects 
can be achieved. All data in earlier sections was correlated at zero control deflection 
and the purposes of the next two sections is to derive corrections to the correlations 
to account for control deflection. The approach is defined as 

AC-^ = AC^ + A(AC^j) (9) 

‘ interaction * interaction 4 5 * 0 

V" «e =0 

Chrysler DATAMAN analysis of OA77/OA78 test results (Reference 8 ) showed that 
considerable scatter did exist in aerodynamic control increments derived from other 
hypersonic tests. Thus the method used to analyze these results was changed to 
include the measured jet-off increments into the least squares curve fit. This approach 
was taken as the best way to account for scatter in aerodynamic control increments. 
Thus the curve fit equation is 

A(AC m ) =a Q +a 2 x +a 2 x“ +a g x 3 (9a) 

-0 

°e 

where 

AC^j - any force or moment increment 

x = independent parameter (usually momentum ratio) 

a 0 toa 3 = lease square curve fit coefficients where a Q is 
J ,J the jet off <5 e effectiveness 

where a Q then represents the best estimate of the aerodynamic control increment. 
Comparisons of the differences between the interaction data with the controls deflected 
to that of zero deflection was done by making the a 0 terms the same, and plotting the 
zero deflection correlation on the same curve with that of the control deflection. 

Data was obtained for the body flap deflection 13. 75 degrees trailing edge down 
and for 14. 25 degrees trailing edge up for both pitch down RCS jet operation 
and yaw jet operation. No measurable effects were found in the yaw jet data. 
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3. G. 1 Pitch Down RCS Interaction at -14. 25 Degrees Body Flap 

Figures 3-25a to 3-25j show that the induced axial force remains within the 
probable error envelope around the zero control deflection correlating curve 
and no measurable change in interaction has occurred. 

Figures 3-26a to 3-2Gj present the normal force correlations. No measurable 
effect is seen at angles below 15 degrees, however, above 10 degrees an increase 
in the normal force intera ction is seen. Table 3-23 presents the coefficients for 
the difference betwpm She -14. 25 degree least square curve fit and the zero degree 
curve fit as a function u momentum ratio. This approach allows the basic data 
to be defined by the zero deflection correlations and a control deflection to be 
added to it. 

Table 3-24 and Hgui’es 3-27a to 3-27j present the pitching moment correlations 
which show the same kind of results as the normal foxoe increments. 

3.6.2 Pitch Down Interaction at +13. 25 Degree Body Flap 

No consistent change in the axial force interaction due to a positive control deflection 
was found and as is seen in the sample data of Figure 3-28a to 3-28d. Some change 
in interaction was found in normal force at negative angles of attack < Figure 3-28e 
and f) but no consistent trend at positive angles of attack (Figures 3-28 g to 3-28 j) 
so no modeling was done. No effect was seen in pitching moment as shown in 
Figures 3-28 k to 3-28n and none was seen in rolling moment. 

Thus it is concluded that trailing edge down body flap control deflections do not 
make measurable changes to the pitch down RCS plume interaction, 

3. 7 WING ELEVON DEFLECTION EFFECTS 

The plume interactions of the Pitch Down RCS and yaw RCS which exhaust down 
toward the wing in the first case and over the wing in the second case would be 
expected to be changed by moving the elevon. As seen in Figure 2-1, this 
represents a significant portion of the Wing trailing edge. Data was obtained 
for both reaction control modes with the elevon set at -30 degrees (trailing 
edge up) and at +10 degrees (trailing edge down). Analysis of the data was 
performed in the same manner as that of the body flap described in Section 3.6. 

3.7,1 Pitch Down RCS Interaction with -30 Degree Elevon 

The effect of deflecting the elevon surface up into the plume at low angles of 
attack results in no change in the induced axial force (Figures 3-z9a to 
3-29j). The data above 15 degrees indicates that the axial force increment 
is increased by the control deflection. Table 3-24 a gives the coefficients of 
the difference between the zero deflection data and the -30 degree deflection 
data as a function of momentum ratio. 
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The normal force interaction is summarized in Table 3-25 and Figures 3 -30a 
to 3-30j where a decrease in interaction results from the control deflection. 

The increase of axial force occurs because of the added axial area component 
of the elevon but the decrease of normal force most likely results from the changes 
in the upper surface flow field near the wing tip induced by the trailing edge elevon 
because of the change seen in rolling moment data. Table 3-25 summarizes the 
incremental change coefficients. 

Table 3-26 and Figures 3-31 a to 3-31j show that a reduction in the induced pitch- 
ing moment interaction occurs which appears to be related mostly to the reduction 
in normal force. Table 3-27 and Figures 3-32 a to 3-32j show that the largest 
reductions in interaction occur in the rolling moment and this occurs at all angles 
of attack as contrasted with the pitching moment change which is strongest at the 
highest angles of attack. Deflecting the elevon trailing edge up must change the 
wing flow near the wing tip enough to make it less sensitive to RCS plane effects. 

3.7.2 Pitch Down RCS Interaction With +10 Degree Elevon 

Deflecting the trailing edge of the elevon down away from the RCS plume results 
in a decrease in axial force at negative angles of attack but no change at positive 
angles (Figures ‘3 -33 a to 3-33j). The normal force data shown in Figures 3-34a to 
3-34j shows an initial small reduction in normal force interaction at negative 
angles of attack and no consistent trend a positive angles. The incremental 
coefficients for normal force are given in Table 3-28. The pitching moment data 
tends to show a slight increase in interaction in the middle of the angle of attack 
range (Figures 3-35a to 3-35j and Table 3-29) and agreement with this trend 
is seen in the rolling moment interaction increments of Figures 3-36a to 3-36j and 
Table 3-30. 

It appears from these analysis that deflecting the elevon trailing edge up reduces 
plume interaction but a trailing edge down deflection makes no major change in 
pitch down RCS plume interaction. 

3. 7. 3 Yaw RCS Interaction With -30 Degree Elev on 

Figures 3-Q7ato 3-37j present the data correlation of the yaw RCS plume inter- 
action effects on axial force coefficient. These data show that the elevon 
deflection does cause a small increase in interaction mostly in the angle of 
attack range from 0 to 20 degrees. Table 3-31 summarizes the deflection 
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correction coefficients between the zero degree case and -30 degrees. 

No clear trends are established in the normal force interaction shown in Figures 
3-38a to 3-38j and the correction curves (Table 3-32) were generated only to 
account for the differences seen for the highest mass flow parameter ease. 
Deflecting the elevon up does result in some reduction in the pitching moment 
especially at angles of attack above 15 degrees. The data which shows these 
trends is shown in Figures 3-39a to 3-39J and the difference coefficients are 
tabulated in Table 3-33. 

The induced rolling moment data of Figures 3-40a to 3-40j shoivs that there is 
a reduction in induced rolling moment at the lower mass flow ratios. Table 
3-34 summarizes the resulting difference coefficients. 

3.7.4 Yaw RCS interaction with +10 Degree Elevon 

The axial force interaction increments plotted in Figures 3-41a to 3-41j show 
a clear trend of increasing interaction due to +10 degree control deflection. 

The coefficients of the control deflection correction are given in Table 3-35. 

Tliis trend is also shown in the induced normal force coefficients shown in 
Figures 3 -42a to 3-42j at angles of attack above 10 degrees. Table 3-36 
summarizes the coefficients. Table 3-37 and Figures 3-43a to 3-43j shov „hat 
the trend in pitching moment interaction is a small increase due to elevon 
deflection. The rolling moment increments due to plume interaction presented 
in Figures 3-44a to 3-44j show that deflecting the elevon downward does result 
in an increase in the interaction particularily at angles of attack near 15 degrees. 
The curve fit coefficients are given in Table 3-38. 

Thus, the data indicates that yaw jet interaction is reduced by deflecting the trail- 
ing edge of the elevon up and increased by trailing edge down deflection. 

3.7.5 Combined Elevon and Body Flap Effects 

Data was obtained with both elevon and body flap deflection to determine if further 
interaction cross-couplings could be found caused by elevon to body flap inter- 
actions. The scatter in the data was found to be such that no measurable 
difference could be ascertained. 
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TABLE 3-1 Pitch Down PCS Incremental Axial Force Equations 
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TABLE 3-3 Pitch Down PCS Side Force Equations 
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TABLE 3-5 Pitch Down RCS Incremental Rolling Moment Equations 
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TABLE 3r6 Pitch Down HCS Incremental Yawing Moment Equations 
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TABLE 3-7 


Pitch Up RCS Incremental Axial Force Equations 
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TABLE 3-8 


Pitch Up RCS Incremental formal Force Equations 
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20 

00110516 

-. 11602847 

.71382241 

0. 

0. 

.09 

20 

25 

00000799 

. 02435847 

-2. 439654 


.015 

.08 

25 

30 

0. 

0. 

0. 

0. 

0. 

.12 


35 

0. 

0. 

0. 

0. 

0. 

mm 

1 35 
1 

42.5 

.00009099 

- 06102614 

.28931719 

0. 

m 

.10 


TABLE 3-9 Pitch up RCS Incremental Pitching Moment Equations 
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> o 

>» Cv * a v -q v *0, ** 

^ ) 1 i 3 


*MEJ 

* MAX 

a o 

"l 

a 2 

a o 

- 

X 

MO? j 

*MAX 

15 

20 

- 00362635 

20051531 

97006821 

0 . 

o. i 

i 

. 10 

20 

25 

00434762 

27230722 

-. 93583024 

0 . 

o, j 

. 10 

25 

30 

00316058 

-.32308172 

-. 89652575 

o. ! 

i 

o. ! 
# 

. 10 

30 

35 

00153196 

-.34167792 

5307959 

0 . i 

i 

0 . | 

.10 

35 

42. 5 

.00073075 

-. 27243329 

-2. 9394416 

14. 148681 j 

«• i 

.10 j 

I 


TABLE 3-10 


Pitch Up PCS High Angle of Attack Incremental 
Side Force Equations 
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-lo / 3 



* max 

a o | a i 

4 o 

a i * x 

3 i MCI i MAX 

15 

20 

00113792 

-. 05073093 

34467692 

o. 1 0. ! .10 | 

20 

25 

-.00136640 

-. 04901407 

-.39853013 

0. | 0. 

.10 

25 

30 

-.00068988 

-.074833736 

- 11617301 

0. 

0. 

. 10 

30 

35 

-.00012308 

-.08216977 

-. 13334899 

0. 

0. 

.10 

35 

42.5 

. 00002380 

-.081991177 

-.3717305 

1.3644941 

0. 

.10 


TABLE 3-11 


Fitch Up RCS High Angle ot' Attack Incremental 
Rolling Moment Equations 
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30 

35 

. 00051073 

. 14538312 

.43107017 

0. 

0. 

. 10 

35 

42.5 

. 00013303 

. 13623208 

. 71300937 

5*403-9? 

0. 

.10 | 


TABLE o—12 Pitch Up PCS High -Angle of -Attach Incremental 
Yawing Moment Equations 
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TABLE 3—13 Iltch Up RCS Peak incremental Laterai/Directicnal 


Component Equations at Low Angle of Attack 

-C * a (J -a^' 


Component 

^MIN 

"U 

MAX 

a o 

3 1 

a . 

a 3 

''me; 

MAM 

ACjI 

-10 

15 

00103113 

0028187 

1 4107044 

-9.349342 

0 . 

m 

AC n 

-10 

15 

00105312 

.0719102 

-1. 1489908 

7. 2893142 

0 . 

v. 

&Cy 

-10 

15 ! 

00226618 j 

-1. 189385 ! 

-9.0839178! 

90. 300041 

0 . 

. 1053 ij 


* momentum ratio 


. TABLE 3-14 Pitch Up RCS Peak Lateral/Directional Component Equations 

as a Function of Angle of Attack . _ j g 

AC - a 0 * i x / -a, ' -a 3 *' 


Component 

“mjn 

j *MAX 

t 

1 a o 

*1 

a a 

; 2 3 


-10 

| 17.415 

-.0100370 

, . 0010940 

j-. 00004233491 . 0000004628 j 

*c n 

-10 

! 10. 635 

. 01701924 

001982107 

.0000823494 -.0000000127! 

— Cy 

1 

H 

O 

i 10.958 

-.038413188 

. 00490338 

-.000170848 -.0000032173] 

i 

1 ■ ! ! ! 


* * Angle of Attack 


TABLE 3-15 Pitch Up RCS Lateral/Directional Component 
Equations Below Peak Valves 


Component 

I * 

MIN 

V .MAX 

1 

! 3 o 

! a i 

i a 

2 3 

AC 2peak 

; - 1S - 

I 

0 

1. 0381S2 

i 

1. 08081425 

i 

0003901399 -. 00008940111 

! 

ACn 

aCh peak 

-20. 

i 

0 

1.0367126 

'.03025377 

1 

-.00175x849 -.0000987083 ] 

! 

ACy 

" c peak 

| -20. 

0 

1. 0266617 

. 0391960 

1 

-.001823657 -.0000947233 j 

V v | : 


v = 1 - a ~ -peak) 
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a MAS 

a o 

a i 


" 

< 

Mr? 

< 

1UX 

-10 

“5 

. 0033388? 



(■ 

0 . 

030 j 

-5 

0 

. 0030389240 

-. 08323028 

03837132 

0. 

0. ' 

.000 

0 

0 

. 002X1161 

02527569 

-1. 887019 

H 

0. 1 

.'030 i 

5 

10 

00199080 

. 031449239 

EB 

| 

0 . i 

. 043 | 

10 

IS 


EBB 

-18.0505 

240.3470 

0. j 

.045 ! 
1 

15 

20 

00220474 

. 28969745 

-15.90431 

184. 4304 

. no ; 

.045 j 

10 

25 

-.00204972 


Bgggg 

02. 40508 

. 005 1 

.050 j 

25 

30 

-. 00169004 


mm 


lew 

.030 | 

30 

35 

-. 00154803 

. 000715162 

• 

~7. 8046554 

123.63158 ' 

° i 

1 

. 040 | 

35 

42.5 

-. 00205930 

. 08001038 

•3. 6662950 

SI 

m 

. 043 1 


TABLE 3*16 Yaw RCS Incremental Axial S'orce liquations 
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&C ■ a. * a,-' *j, y *30' 


a MIN •'MAX 


a l 

a 

2 

a x 

3 j M 

[IN 



-10 

-5 

. 00327020 

-1. 4354 105 

12. -506384 

-5 

0 

. 00414098 

-1. 400078 

"f 

13.206927 

1 

n 

5 

.00523749 

-1.333331 

) 

11. 130794 

5 

10 

00382161 

-.92500104 

6 . 2993438 j 

10 

15 

.00031879 

-. 6265079 

■» 

2. 8390293 

15 

20 

-. 00714555 

. 96431099 

-72. 033196 

20 

23 

00871016 

1. 3493792 

-112. 78191 

25 

30 

0. 

0. 

0. 


TABLE 3-17 


V AW ECS Incremental formal "orce Equation 
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J O 

& Cv • -a * -o ■'* ‘■a* 
*1 1 J 


a MIN 

u MAX 

a o 

a i 

*2 j a 3 j *MIN j r MAX 

-10 

-5 

00245133 

. ■5600464 

IB 

HH 

0 i 96 j 

•5 

0 

00038100 

. 70250950 



9 

.96 | 

0 

5 

00010330 

87321891 

-7. 1003086 

9 

9. 1 945 i 

i 1 

3 

10 

00001004 

. 05 100053 

-fj. *3399346 

0. jo. | 05 

1.0 

15 

. 00062267 

.05514122 

am 

... jo. ! .« 1 

15 

20 

00101226 

.51411814 

-3. 5100003 

0 to. ! .03 I 

1 

m 

25 

. 00126207 

44075727 

-4. 1043874 

0. 

J 

0. j .05 

25 

30 

. 0004077 

.41586129 

-3.4208285 

0 

0 

3 

00 j 

30 

35 

. 00070330 

.48185523 

-4. 1995063 

0. 


.06 ! 

35 

42.5 

. 0002S692 

. 37002019 

-3 485844s 

0. 

). ! .05 j 

1 J 


TABLE 3-1S YAW HCS Incremental Side Force Equations 


■j.os 

a~nO 
















































































































“‘MIN 

u MAX 

J o | 3 i 

-10 

•5 

00040644 

- 08820869 


a 

0 . 

0 . 

! # 

5 

- 00016250 

- 03874811 

•3 

10 

- 00072108 

073978808 

a 

15 

- 00112789 

. 12337774 

IS 

20 

- 00068298 

27986256 

I 20 

25 

00056833 

-.32374633 

25 

30 

00044360 

- 33774349 

30 

35 

-.00068816 

mm 

35 

42. 3 

- 00034786 

431*4250 


TABLE 3-20 Yaw RCS Ineremei 
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iC* < 

■ w * a . 



* 2 


'me; 

'max 

1 

i . 5710313& 

1 0. 

i *• 

. 06 I 

i 

! 

0 

’ . 06 

33467152 

! *■ 

' o. 

06 , 

1. 0560001 

! 

0 

0 

1 025 ! 

- { 

j 1. 0837623 ; 

0 . 

0 . 

: 05 j 

2.3155903 

0 

0. 

.055 1 

1 

j 2. 7\mr<n , . 

1 

0. 

’ 06 

j 2. 5614639 

0 . 

0. 

1 - ! 

2.4882146 

0 . 

* 

. 06 | 

4. 2S99C13 

0. 

0 i 03 ! 

1 1 


Moment Equations 
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2 MAX 

2 1 31 

0 | 1 

a 2 

a i x x 

3 i ME! ; MAX 

-10 

-5 

. 00006751 

- 14360369 

1.4157199 

0. j 0. j -06 

-5 

mm 

. 00013715 

-.20931534 

2. 028034 

0. jo. j .06 j 

0 

3 

00012743 

-. 23342177 

2. 5363194 

0. 

0. | 045 

5 

10 

00010942 

-.2110794 

1. 9920371 

0. 

0. 

.05 

! 

10 

13 

. 00019366 

-, 17333227 

1. 7949972 

0. 

0. 

.04 

Q 

■H 

.00029592 

-, 11654945 

1. $446555 

-.9673961 


.035 

20 

23 

. 00013981 

-. 043820856 

-.57021368 

20. 348839 

°- 

. 035 

23 

30 

. 00012927 

-. 00025742 

-2. 5213212 

37.794705 

0. 

.045 

30 

33 

.00024516 

-.02919616 



.0075 

.06 | 

33 



-.05313873 

-.4450806 j9. 9558416 

.005 j .06 | 

! i 


TABLE 3-21 Yaw RCS Incremental Yaw-lng Moment Equations 
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AC “ aj X 





*MAX 

A C N 

A Crn 
m 

*C A 

x Limit 

10 

15 

-.4709144 

.4419116 

-.3421398 

.03 

IS 

20 

4289316 

. 38360915 

40359898 

.03 

20 

25 

-.40885699 

. 33392935 

-. 3499239 

,03 

28 

30 

-.3648784 

. 29336158 

-. 3854263 

.03 

30 

35 

-.340095 

.31910614 

-.58320722 

.03 

38 

42.5 

-.38401603 

. 3393107 

-.49349364 

.03 

Average 


-.309782 

. 3468713 

-.4596321 

.03 


X * momentum ratio 


NOTE: These values are for one side only. 

Symmetric coupling requires using the 
average momentum ratio of one side and 
multiply the resulting corse coupling by 2. 


TABLE 3-22 Pitch Down RCS Incremental Correction fcr 
Symmetric Pitch Down Control 
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“'MIN 

3 MAX 

a o 

a l 

a o 

a 3 

'min 

W MAX ; 

-10 

-5 

0. 

0. 

0. 

0. 1 

0. 

1 

• 12 ! 

-5 

0 

0. 

0. 

0. 

°- ! 

0. 

• 12 ! 

m 

5 

-- 1 

0. 

0. 

0. 



o. 

0. 

.12 , 

5 

10 

0. 

0. 

0. 

° ! 

0. 

12 ! 

i 

10 

15 

0. 

494498 

3.081047 

-36.01423 , 

0. 

.0306 

1 • 

15 

20 

0. 

-.59755 

7. 043025 

-13. 3130 

0. 

1 

.0424 j 

20 

25 

0. 

-.557398 

0.588944 

_ 

-25.1604 

0. 

.0423 

25 

30 

0. 

-.38137 

2. 346837 

iBlI 

0. 

. 0670 

30 

35 

0. 

-.306397 

12. 13108 

-83.41719 ; 

0. 

.0331 

| 33 

42.5 

0. 

-.4105266 

-. 368257 

9- i 

0. 

.083 


.TABLE 3 -23 Pitch Down RCS Normal Force Due to 
-14. 25 Degrees Body Flap Deflection 
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2 3 

~ C * a D* 3 x y “ a > y ^3 ' 


“MIN 

1 MAX 

a o 

a l 

3 2 

a 3 

"min 

"max 

-10 

-5 

0. 

0. 

0, 

0. 

6. 

. 12 

-o 

0 

0. 

-.0308; 33 

1. 709043 

0. 

03 

. 068 

0 

3 

0. 

. 011613 

1. 217G26 

*■ 

0. 

. 086 

5 

10 

0. 

. 06S9901 

. 495664 

0 

1 0. 

. 088 j 

10 

15 

0. 

. 1277447 

. 003269 

0- 

o. ; 

.088 

15, 

20 

0. 

. 13S6713 

-.300274 


o. : 

i i 

.088 

20 

25 

0 

O' 

. 0834596 

-.526711 

0. 

1 o- : 

.088 

25 

30 


. 0080933 

. 946732 

0, 

i °- ; 

.088 

30 

35 

0. 

. 0168753 



i i 

| 0. ; 

i 

.083 1 

1 

35 

42.5 

0. 

.080233 

.593376 

0. 

| o. ; 

.088 j 


TABLE 3-24 Pitch Down RCS Pitching Moment Due to -14. 15 Degrees 
Body Flap Deflection 


3-41 































CASD-NSC -77-003 


2 >flM 


a o 

a l 

a 2 

» 3 

' MIN 

"max 

-10 

-5 

0 . 

0. 

0. 

0. 

0. 

10 

-5 

0 

0. 

0. 

0. 

0. 

0. 

. 10 

| 

5 

0. 

0. 

0. 

0. 

0. 

.10 

i 

1 3 

10 

0. 

0. 

0. 

0. 

0. 

10 . 

10 

15 


17353441 

2. 309746 

-10.74309 

0 . 

. 10 

15 

20 

0 . 

18284169 

1. 153S308 

0. 

0. 

. io ! 

1 

20 

25 


2061741 


mm 

0. 

. 10 j 

25 

Bi 


- 15499241 

1. 14654906 

-3. 3332550 

0. 

• 10 1 

30 

— 

35 

0. 

1020336 

3o£iJl469 

7. 7373735 

0. 

• 10 ; 

35 

42.5 

0. 

-.27476712 

1.32469513 

-2. 1262379 

0 . 

■ 10 : 


TABLE 3—24 a * Pitch Down DCS Axial Torce Increment 
Due to -30 Degree Eleven 
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25 I 30 


35 42.5 


CASD-NSC 


'C N ■»„* V **2 


-10 

-5 

0. 

.9057804 

-3. 811*23 

0. 

-8 

0 

0. 

. 8207267 

-4.038106 

0. 


■ 

0. 

05360817 

2.300966 

;-i 

6. 8184 


36351X5 ' . .2357:069 -25.16013s 


M3 MAT 


0 . 



. 1294748 

7.6912513 

-64. 497924 

( 


|. 10391821 13.669415 

I 


1-11215023 I 6. 10112711 1-36,014229 i i 


TABLE 3-25 Pitch Down HCS Normal Force Increment 
Due t'j -30 Degree Elevon 
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iC ^ ' 3 


n 




a 3 

a, 

«> 


mm 

-10 

-5 

0. 

5324307 

4.1661812 | 0. 0. 

.09 

-5 

Bfl 

0. 

-.50014412 

4. 0953303 

0. 

0. 

.09 j 

m 

5 

0. 

-. 41030849 


0. 

1 o. 

.09 j 

| 5 

10 

0. 

24082413 

2.3301214 

0. 

! 0. 

,09 

IB 


1 1 

1470361 

1. 73829338 

0. | 0. 


is 

20 

0. 

19340625 

2. 1214309 

*• 

0. 

.09 j 
. I 

20 

2S 

0. 



pm 

■B 

.09 

2S 

30 

0. 

-.45264811 

4. 0059764 

0. 


.09 J 

30 

35 

0. 

-. 35332212 

2.326123 

0. 

! 

.09 | 

33 



42.5 

0. 

-.27300927 

1. 23536969 

9. 

! 0. 

09 

i 


TABLE 3-26 Pitch Down 3CS Pitching Moment Increment 
Due to -30 Degree Elevon 
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iC\ * * a, " *a , -a 



.1186670 I -.061303 j 3.1)80882 


35 j 42. 3 


TABLE 3-27 Pitch Down F.CS Rolling Moment Due to 
-30 Degree Elevon 


3-45 

























































































CASD-NSC -77-003 



TABLE 3-29 Pitch Down 15 CS Incremental Fetching Moment Due to 
-10 Degrees Dlevon 
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s max 


-10 -5 


IS ] 20 


25 


iC * * S 0 * a i * ^ >r ’ a 3 * 



a 2 i a 3 i ME’ ' MAX! 


.0001034 j. 4024273 j -11. 80139 j 0. , .05 


-.0019000 I 1.2258119 I -13 3182? j 0. : .05 ! 


0 

10 

0 . 

079063S 

J 1. 0242953 

| -4.309143 I 

! 0 . 

: .089 j 

10 

15 

0 . 

1 

-.0643979 

j -.0279732 

| 2.693793 

| 0. 

! .0*3* j 


-.0392406 | -.105413; 


-.0242332 -.233084 


30 

35 

0, 

- 0043639 

35 

42.5 

0 . 

0 . 


! 589 i 


I . 088 


.017932 -1.239324 0.34038 i . 022 ) .099 


TABLE 3-30 Pitch Down RCS Incremental Roiling Moment Due to 
-10 Degrees Elevon 


■48 
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< “ C A * a o * a i * **;» x3 *l»3 * 3 



3 MAX 

“o 

a. 

A 

a 2 

a 3 

X 

MH 


-10 

-3 

0. 

* , 1027983 

-.2053071 


0 

05 1 

•3 

0 

0. 

0. 

0. 

0. 

0. 

.05 

0 

3 

0. 

2399972 



0 

! 

. 0527 

f 

<5 

10 

0. 

». 29910488 

■i. 91307852 

0. 

0. 

0350 

10 

15 

0. 

-.5702549 

22. 582025 

-240. 3740 

0 

. 0130 

IS 

20 

0. 

39339047 

19. 745906 

-1?4.4304 

0. 

.020 

20 

25 

0. 

-.3533792 

10. 332293 

-92. 40008 

0. 

.020 

25 

30 

0. 

0. 

o. 

0. 

0 

,05 

30 

35 

0. 

0. 

0. 


0. 

03 

35 

42.5 

0. 

-.22874612 

3.4271059 




TABLE 3-31 Yaw RCS Axial Force Incipient Due to 
-30 Degree Eleven 
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-10 

-5 

no 

LT 

• 



tr 

i— — , 

1 

5 J 0. 


5 

10 

»• i 

10 

15 

0. 


15 

20 

i 

o. | 

20 

wm 

1 


OC 

Hli 




30 

35 

0. 


35 


0. 

L_ 


TABLE 3-33 


CASD-NSC 



- c m“ 3 0 

’“l y **2 

'' * a , 

U 

t’ * 

a i 

a 2 

3 3 

y 

mu: 

"max 


2740334 | 

0 

: *) 

05 

411091G3 

7 277437 : 

0. 

0. 

. Y2+2 ' 

3352S42G 

0. 0390*532 j 

0. 

i 

0. 

0294 

- 1423915? 

2. 14G23779 

9 

0 

0333 

05000213 

*5000411? ; 

0. 

) 

050 

0. 

i 

°' i 

0. 

■ 0. 



■)o 0 '■ 

SB 

mam 


mm 

j 0 2 'tm 1 

- 2431335 

3.921539 

0. 

0. 

5210 

1237019 

-*5.19.0039 

1 

tyj ooo* 


1 

10001021 

■ 

-9.9911*51 

00 24751*5 

*■ 

030 


Yaw P.CS Pitching Moment Increment 
Cue to -.'JO Deijree Eleven 
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i '* 0 * *x * ** 3 x2 ‘*3 * 3 


*MIN 

'-'MAX 

‘O 

*1 

* 2 


/ i y f 

me; 1 MAX j 

-10 

-5 

0. 

0. 

0. 

0. 

0. 

.05 

-5 

0 

0. 

. 06582136 

-1. 3639241 

0. 

im^? ; 

.0241 

n 

5 

0. 

. 15920629 

-2.6356227 

0. 

0. 

.0302 

5 

10 

0. 

. 13161066 

-3.06518 

0. 

0. j . 0296 | 

10 

15 

0. 

. 11935401 

-2. 79648478 

0. 

0. 1 .0213 

1 1 

15 

20 

0. 

. 1574292 

-3.4092864 

0. 

0. 

.0231 

20 

25 

0. 

. 14585808 

-2.773725 

0. 

0. 

.0268 

25 

30 

0. 

. 154335 

-2.576349 

0. 

0. 

.0300 

El 

35 

0. 

. 13079132 

-1. 3875066 

0. 

0. 

.0346 

35 

42.5 

0. 

. 12984339 

-1. 2315625 

0. 

0. 

. 050 | 


TABLE 3-34 Yaw Rolling Moment Increment Due to 
-30 Degree Eleven 
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a 10N 

2 MAX 

*0 

‘l 


*3 

‘mix 

;< MAX 

-10 

-5 

0 . 

135 833 

-1. 6009645 

0 . 

0. j .05 

-5 

° 

0 . 

14315251 

.09176022 

0 . 

0. j .05 | 

0 

5 

0 . 

2054548 

1. 2000865 

0 . 

0 . 

.05 | 

5 

10 

0 . 

28414775 

3. 2760264 

0 . 

0 . 

. 0433 ! 

10 

15 

0 . 

-.55529086 

20. 92744767 

-248.5476 j 0. 

.020 j 

15 

20 

0 . 

6029302 

18.3900131 

-184. 4364 

0 . 

.025 

20 

25 

0 . 

-.35201358 

9.3196846 

-92.4656S 

0 . 

,023 

25 

30 

0 . 

-. 14037385 

4. 2232939 

-56.34265 

0 . 

.030 

30 

35 

0 . 

-. 31913623 

9.5504047 

-123.63158 

0 . 

.030 

35 

42.5 

0 . 

-.27710564 

4. 8528954 

-31. 622773 

0 . 

.050 


TABLE 3-35 Yaw RCS Axial Force Increment 
Due to -10 Degree Elevon 
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TABLE 3-36. Yaw RCS Normal Force Increment 
Due to i-lO Degree Elevon 
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TABLE 3-37 Yaw RCS Pitching Moment Increment 
Due to -10 Degree Eleven 
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TABLE 3-38 Yaw RCS Rolling Moment Increment 
Due to •*•10 Degree Rlevon 
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FIGURE 3-1 a. PITCH DOWN AXIAL FORCE CORRELATION FROM -10*—5 
DEGREES ANGLE OF ATTACK 



o _ 


0 I 



CASD-:«C-7?~)03 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N4S 

OAM, MA22 

X 

NTS 

OAM, MAM 

c 

NM 

OAM. MASS 

Y 

N31 

MA22 


N34 

MA22 

* 

N43 

MA22 

b 

N47 

MA22 

C 

NSS 

OAKS 

V 

NM 

OAISS 

K 

N8T 

OAKS 



FIGURE 3-l«. PITCH DOWN AXIAL FORCE CORRELATION FROM 0-5 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-ld. PITCH DOWN AXIAL FORCE CORRELATION FROM 5—10 
DEGREES ANGLE OF ATTACK 
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riG'JRE 3-l«. PITCH DOWN AXIAL FORCE CORRELATION FROM 10-15 
DEGREES ANGLE OF ATTACX 



FIGURE 3-If. PITCH DOWN AXIAL FORCE CORRELATION FROM iS—20 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-1?, PITCH DOWN AXIAL FORCE CORRELATION FROM 20-25 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-1 h. PITCH DOWN AXIAL FORCE CORRELATION FROM 25—30 
DEGREES ANGLE OK ATTACK 
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•IGURE 3-Xl. PITCH DOWN AXIAL FORCE vO Rif ELATION I ROM 30-.J3 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-1 J. PtTCH DOWN AXL'tL FORCE CORRELATION FROM 3S**MAX. 
DEGREES ANGLE jF ATTACK 
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FIGURE 3-2a. PITCH DOWN NORMAL FORCE CORRELATION FROM -M»~5 
DEGREES ANGLE OF ATTACK 



FIGURE 3-2 b. PITCH DOWN NORMAL FORCE CORRELATION FROM -S*"-# 
DEGREES ANGLE OF ATTACK 
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riGURS 3-2c. PITCH DOWN NORMAL FORCE CORRELATION FROM 0*»5 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-2 <i. PITCH DOWN NORMAL FORCE CORRELATION FROM 3«*10 
DEGREES ANGLE OF ATTACK 
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FIGURE >2 •. PITCH DOWN NORMAL FORCE CORRELATION FROM 10-18 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-2 i. PITCH DOWN NORMAL FORCE CORRECTION FROM 15—20 
DEGREES ANGLE OF ATTACK 
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3-2*. PITCH DOWN NORMAL FORCE CORRELATION FROM 20—25 
DECREES ANGLE OF ATTACK 
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FIGUR1 i-2 t. PITCH DOWN NORMAL FORCE COK. (ELATION FROM 25-30 

DEGREES ANGLE OF ATTACK 
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FIGURE 3-21. PITCH DOWN NORMAL FORCE CORRELATION FROM 30—33 
DEGREES ANGLE OF ATTACK 



FIGURE 3-2 J- PITCH DOWN NORMAL FORCE CORRELATION FROM 35— MAX. 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-3 »■ PITCH DOWN SIDE FORCE CORRELATION FROM -10— -3 
DECREES ANGLE OF ATTACK 
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FIGURE 3-3 S. PITCH DOWN SIDE FORCE CORRELATION FROM -1—0 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-3 c. PITCH DOWN SIDE FORCE CORRELATION FROM 0»3 
DEGREES ANGLE OF ATTACK 
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nGURE 3-3d. 


PITCH DOWN SIDE FORCE CORRELATION FROM 5*- 10 
DEGREES ANGLE OF ATTACK 
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HGURE 3-3 •. PITCH DOWN SIDE FORCE CORRELATION FROM 10—15 
DEGREES ANGLE OF ATTACK 



HGURE 3-3 i. PITCH DOWN SIDE FORCE CORRELATION FROM 15—20 
DEGREES ANGLE OF ATTACK 
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510CIIS 3-3 '{• PITCH DOWN SIDE FORCE CORRECTION FROM 2Q«*3S 
DEGREES ANCLE OF ATTACK 



FIGURE 3-3 h. PITCH DOWN SIDE FORCE CORRECTION FROM 35^30 

DEGREES ANGLE OF ATTACK 
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FIGURE 3-3 i. PITCH DOWN SIDE FORCE CORRELATION FROM 30»»35 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-33. 


PITCH DOWN SIDE FORCE CORRELATION FROM 3B»- MAX. 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 a. PITCU DOWN PITCHING MOMENT CORRELATION FROM -iO— 1 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 b. PITCH SOWN PITCHING MOMENT CORRELATION FROM 
DEGREES ANGLE OF ATTACK 
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FIGURE 3 -4c. PITCH SOWN PITCHING MOMENT CORRELATION FROM 0-5 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 d. PITCH DOWN PITCHING MOMENT CORRELATION FROM S— 10 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 e. PITCH DOWN PITCHING MOMENT CORRECTION FROM 10- 15 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 1'. FITCH DOWN PITCHING MOMENT CORRECTION FROM lC«-29 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 g. PITCH DOWN PITCHING MOMENT CORRELATION FROM 20-25 

DEGREES ANGLE OP ATTACK 



FIGURE 3-4 h. PITCH DOWN PITCHING MOMENT CORRELATION FROM 25«-30 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-41. PITCH DOWN PITCHING MOMENT CORRELATION FROM 30—35 
DEGREES ANGLE OF ATTACK 



FIGURE 3-4 j. PITCH DOWN PITCHING MOMENT CORRELATION FROM 35— MAN, 
DEGREES ANGLE OF ATTACK 
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TEST NUMBER 

) 

N4» 

OAM. MAM 

X 

NTS 

OAM. MAM 

w 

NM 

OAM. MAM 

Y 

N31 

MASS 

+ 

NM 

MASS 

* 

N43 

MAM 

Is 

N47 

MAM 

C 

NM 

0A14I 

V 

NM 

0A1II 

H 

NIT 

OAIII 



FIGURE 3-3 a. 


PITCH DOWN ROLLING MOMENT CORRELATION FRQM-tO*-S 
DEGREES ANGLE OF ATTACK 
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u’RE 3-3 b. pitch DOWN ROLLING MOMENT CORRELATION FROM -3»*) 
DECREES ANGLE OF ATTACK 



FIGURE 3 -5c. PITCH DOWN ROLLING MOMENT CORRELATION FROM 0»5 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

"I 

X 

C 

Y 

+ 

* 

L 

C 

V 
H 


nozzle number 

N49 

NTS 

:ii3 

N31 

N34 

N43 

;i47 

NSB 

N94 

NS? 


TEST NUMBER 
OAM, MASS 
OA«2, MA22 
©AM. MASS 
*<LA03 
MASS 
MASS 
MASS 
QAM9 
OA189 
OA168 



MOMENTUM RATIO 

FIGURE 3-5(1. PITCH DOWN AO LUNG MOMENT COHBELATION FROM 5«»10 
DEGRES3 ANGLE OP ATTACK 
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FIGURE 3-1 ». PITCH DOWN ROLLING MOMENT CORRELATION FROM i0»»15 
DEGREES ANGLE OF ATTACK 
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0 

X 

a 
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+ 

* 

L 

C 

V 
K 


NOZZLE .'VM1ER 
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N79 
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N3X 
N34 
N43 
N47 
MM 
MM 
M#7 
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0AM, MASS 
9AM. MASS 
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FIGURE 3-9 %. PITCH DOWN ROLLING MOMENT CORRELATION FROM SO»>;23 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-3 h. 


PITCH DOWN ROLLINO MOMENT CORRELATION FROM SSi-30 
DECREES ANGLE OF ATTACK 
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FIGURE 3-3 i. 


PITCH DOWN ROLLING MOMENT CORRELATION FROM 30—33 
DEGREES ANGLE OF ATTACK 
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NOZZLE NUMBER 
N4> 

N79 

N»3 

N31 

N34 

N43 

N47 

N8S 

NB8 

N37 


TEST NUMBER 
OAM, MASS 
CAM, MASS 
CAM, MASS 
MASS 
MASS 
MA22 
MA2S 
OAKS 
OA169 
OAKS 



.im 

MOMENTUM ratio 


FIGURE 3-5 J. PITCH DOWN ROLLING MOMENT CORRELATION FROM 3S«-MAS. 

DEGREES ANGLE OF ATTACK 
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CA3D-NSC -77-003 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N4» 

OAM, MA22 

X 

NTS 

OA52i MA22 

□ 

NI3 

OA*2, MA22 

Y 

N31 

MA22 

+ 

NJ4 

MA22 

* 

N4J 

MA22 

L 

N47 

MA22 

C 

NM 

OA1S9 

V 

NM 

OAI68 

H 

N87 

OAK* 




PITCH DOWN YAWING MOMENT CORRELATION FROM -10—5 
DECREES ANGLE OF ATTACK 
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FIGURE 3-6 b. PITCH DOWN YAWING MOMENT CORRELATION FROM -5—0 

DEGREES ANGLE OF ATTACK 
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FIGURE 3-6 o. PITCH DOWN YAWING MOMENT CORRELATION FROM 0-5 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

X 

N49 

On H, MA22 

NTS 

CAM, MASS 


N83 

OAS2, MASS 

Y 

N3X 

MASS 

+ 

N34 

MA22 

* 

N43 

MAS2 

L 

N4T 

MASS 

C 

N9S 

OA18S 

V 

N94 

OA188 

H 

N87 

OAIS9 
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IG’JRE 3-4d. 


PITCH DOWN YAWING MOMENT CORRELATION FROM 5-10 
DEGREES ANGLE OF ATTACK 


.got 
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FIGURE 3-*5». PITCH DOWN YAWING MOMENT CORRELATION FROM 10*-15 
DEGREES ANGLE OF ATTACK 



FIGURE 3-«f. PITCH DOWN YAWUJG MOMENT CORRELATION FROM 15— 'JO 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

0 

X 

□ 

Y 
+ 
t 
L 
C 

V 
H 


NOZZLE NUMBER 
N49 
N79 
NS3 
N3X 
N34 
N43 
N47 
N96 
NM 
N97 


TEST NUMBER 
OA82i MASS 
OA82, MASS 
OA83, MA22 
MA22 
MA22 
MA22 
MA23 
OAX89 
OA189 
OAX69 
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FIGURE 3-«d. PITCH DOWN YAWING MOMENT CORRELATION FROM 5-10 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-6*. PITCH DOWN YAWING MOMENT CORRELATION FROM 10—15 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-6 1'. PITCH DOWN YAWING MOMENT CORRELATION FROM 15—20 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

0 

X 

□ 

Y 

+ 

* 

b 

C 

V 
H 

.tu 


a 

u 

*1 ..o»» 


FIGURE 3-5 *. PITCH DOWN YAWING MOMENT CORRELATION FROM 20*- 25 
DEGREES ANGLE OF ATTACK 
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NOZZLE NUMBER 
N49 
N79 
N83 
N31 
N34 
N43 
N47 
N9S 
NS6 
N97 


TEST NUMBER 
OA82, MASS 
QA8S, MASS 
OAS2. MASS 
MASS 
MASS 

mass 

MASS 

OA169 

OAX69 

OAI89 
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FIGURE 3-5 b. PITCH DOWN YAWING MOMENT CORRELATION FROM 25—30 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-51. PITCH DOWN YAWING MOMENT CORRELATION FROM 30—35 
DEGREES ANGLE OF ATTACK 


3-83 





NOUOVR31NI ® 


CASD-NSC-77-003 


SYMBOLS 

0 

X 

□ 

7 

+ 

* 

a 

c 

V 

a 


NOZZLE NUMBER 
N49 
N79 
N93 
N31 
N34 
N43 
N47 
N95 
NM 
N07 


TEST .'BER 

OAd*. .4.»22 
OA32, MASS 
“A 82, MA22 
MASS 
MA22 
MA22 
MASS 
OA169 
OA169 
OA169 
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FIGURE 3-6 j. PITCH DOWN YAWING MOMENT CORRELATION FROM 35— MAX. 

DEGREES ANGLE OF ATTACK 
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STMBOLS 



0 

X 

□ 

y 

4 * 

* 

L 

« 

V 

H 


N82 

OAS2, MASS 

N7S 

OA82, MA22 

N82 

OA82, MASS 

N3X 

MA22 

N36 

MASS 

N44 

MASS 

N49 

MASS 

N9S 

OA169 

NS8 

OA1C9 

N97 

OA169 
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PITCH UP AXIAL FORCE CORRELATION FP.OM -I0«— 5 
DEGREES ANGLE OF ATTACK 



DEGREES ANGLE OF ATTACK 
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SYMBOLS 

0 

X 

□ 

Y 

4 * 

* 

L 

< 

V 
R 


NOZZLE NUMBER TEST NUMBER 


N52 

N78 

N«a 

N31 

N38 

N44 

N48 

N88 

N96 

N8T 


OA82. MA22 

OA82, MA22 

OA82, MA22 

MA22 

MAS2 

MA22 

MA22 

OA189 

OA1S9 

OA169 
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FIGURE 3-7 o. PITCH UP AXIAL FORCE CORRELATION FROM 0-S 
DEGREES ANGLE OF ATTACH 



MOMENTUM RATIO 


FIGURE 3-7 d. PITCH CP AXIAL FORCE CORRELATION FROM 5*- 10 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NS2 

OAS2. MAT2 

X 

N?1 

OA82, MATT 

G 

N82 

OA82, MA22 

Y 

N31 

MAT- 

4- 

N3« 

MATS 

* 

N+i 

MASS 

h 

N48 

MATT 

t 

N95 

OA189 

V 

N98 

OA169 

H 

N97 

OA169 



FIGURE 3-7 •• 


PITCH UP AXIAL FORCE CORRELATION FROM 10-15 
DEGREES ANGLE OF ATTACK 



FIGURE 3-7 f. PITCH UP AXLVL FORCE CORRELATION FROM 13— ’U 
DEGRESS ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N83 

OAI2, mat: 

X 

NTS 

oak, mat: 

□ 

N82 

0A83, MAS- 

y 

N31 

MATS 

J r 

N3S 

MATT 

# 

N44 

MATT 

L 

N4S 

MATS 

« 

NI8 

OA189 

V 

N88 

OA169 

H 

N87 

OA169 
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nGURE 3-7g. PITCH UP AXIAL FORCE CORRELATION FROM 
DEGREES ANGLE OF ATTACK 
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nGURE 3-7 h. PITCH UP AXIAL FORCE CORRELATION FROM 25—30 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N52 

OA82," MA22 

X 

N78 

OA32, :,LA22 

0 

NS2 

OA92, MA22 

V 

N31 

MA22 

+ 

N38 

MA22 

* 

N44 

MA22 

L 

N48 

MA22 

< 

N98 

OA169 

V 

N98 

OA1S9 

H 

N97 

OA169 



FIGURE 3-T1. prrc! j up A XL\L FORCE CORRECTION FROM 30-35 
DEGREES ANGLE OF ATTACK 



FIGURE 3-7 J. FITCH UP AXIAL FORCE CORRELATION FROM 35- MAX. 

DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

nk 

OAK, MA22 

X 

N7I 

OAK, MASS 

□ 

NK 

OAK, MASS 

T 

N31 

MASS 

+ 

N3» 

MASS 

* 

N*4 

MASS 

L 

N4I 

MASS 

c 

NM 

OA1II 

V 
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FIGURE 3-9 ». PITCH UP NORMAL FORCE CORRELATION FROM -10«— 5 
DEGREES ANGLE OF ATTACK 



FIGURE 3-9 a. PITCH UP NORMAL FORCE CORRELATION "ROM ->-0 
DEGREES ANGLE OF ATTACH 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

:.*S2 

OA32. MA22 

X 

N70 

.’Ai2, MA22 

u 

N82 

OAS2. MASS 

V 

N3X 

MASS 

+ 

N3S 

MASS 

* 

N44 

MASS 

fc 

N43 

MASS 

( 

N93 

oa:«9 

V 

S96 

OA169 

H 

N97 

QA1S9 
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FIGURE 3-6 c. p lxCH r.rp NORMAL FORCE CORRELATION* FROM 0*3 
DEGREES ANGLE OF ATTACK 



MOMENTUM RATIO 


FIGURE 3-6 L PITCH UP NORMAL FORCE CORRELATION' FROM 3*10 
DEGREES ANGLE OF ATTACH 


3-91 



N IHTERACTiOH 


CASD*N5C-:?-)M 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N52 

OA«2, MA22 

X 

N7I 

QAS2. MA22 

D 

NU 

OA02, MAS 2 

Y 

N3I 

MA22 

4* 

N3S 

MASS 

* 

N44 

MA22 

Is 

N4» 

MA2S 

< 

N»« 

OA1M 

V 

NM 

OAlfl# 

H 

N87 

OA169 



FIGURE 3-4 •• PITCH UP NORMAL FORCE CORRELATION FROM 10*-I5 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-4 f- PITCH UP NORMAL FORCE CORRELATION FROM 15*-2Q 

DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZELE NUMBER 

TEST NUMBER 

0 

N52 

OA82, MA2$ 

X 

N?1 

OA32, MA22 

G 

N32 

QA32, MA22 

V 

N31 

MA22 

■U 

N3S 

MA22 

# 

N44 

MA22 

h 

N48 

MA22 

t 

N95 

OA189 

V 

NOB 

OA169 

H 

N97 

OAX69 



FIGURE 3-3 *. PITCH UP NORMAL FORCE CORRELATION FROM 20—25 

DEGREES ANGLE OF ATTACK 



FIGURE 3-4 h. pitch UP NORMAL FORCE CORRELATION FROM 25-30 
DECREES ANGLE OF ATTACK 
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SYMBOLS NOZZLE NUMBER TEST NUMBER 


0 

X 

□ 

T 

4 " 

# 

fc 

< 

v 

H 


NM 

OAI2, MA22 

N7I 

OAI2, MA22 

N« 

OAI2, MA22 

N3i 

MA22 

N3S 

MA22 

N44 

MA22 

N4I 

XA22 

NM 

OA1S9 

NM 

OA1S9 

N97 

OA159 
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:GURE3-9 i. 


PITCH UP NORMAL FORCE CORRELATION FROM 30—35 
DEGREES ANCLE OF ATTACK 
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FIGURE 3-9 j. PITCH UP NORMAL FORCE CORRELATION FROM 35— MAX 
DEGREES ANGLE OF ATTACK 
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aT.IBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N52 

OAS2, MASS 

X 

N7S 

OA82, MACS 

□ 

N82 

OA82, MASS 

t 

N31 

MASS 

4 * 

N38 

MASS 

# 

N44 

MASS 

L 

NAS 

MASS 

( 

N9S 

OA169 

V 

Has 

OA189 

B 

N«7 

OAI89 



FIGURE 3-9 ft. PITCH UP PITCHING MOMENT CORRELATION FROM -10— S 
DEGREES ANGLE 0 F ATTACK 
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FIGURE 3-3b. PITCH UP PITCHING MOMENT CORRELATION FROM -5—0 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NS2 

OAI2, MA22 

X 

NTS 

OAS2, MA32 

□ 

NU 

OAS2, MA22 

T 

N31 

MAS: 


N36 

MA22 

* 

N44 

MA22 

L 

N4I 

MA22 

c 

N95 

OA1S9 

V 

NS« 

OA189 

H 

NS7 

OA189 



FIGURE 3-9c. PITCH UP PITCHING MOMENT CORRELATION FROM 0«»3 
DEGREES ANGLE OF ATTACK 



FIGURE 3-9d. PITCH UP .PITCHING MOMENT CORRELATION FROM S»I0 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NS2 

OA82, MASS 

X 

N78 

OA82, MASS 

□ 

N92 

OA82, MASS 


NS1 

MASS 

+ 

N36 

MASS 

* 

N44 

MASS 

L 

N48 

MASS 

C 

N98 

OA169 

V 

N96 

OA169 

H 
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FIGURE S-9*. PITCH UP PITCHING MOMENT CORRELATION FROM 10— 15 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-9t. PITCH UP PITCHING MOMENT CORRELATION FROM IS— JO 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N52 

OAS2, MA22 

X 

N7S 

OA32, MA2S 

□ 

N82 

OAS2, MA22 

Y 

N3X 

MA22 

H- 

N36 

MA22 

# 
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u 
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H 

N97 
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nCCRE 3-9*. PITCH UP PITCHING MOMENT CORRELATION FROM 2°*-2S 
DEGREES ANGLE OF ATTACK 



FIGURE 3-9 h. pitch UP PITCHING MOMENT CORRELATION FROM 25—30 

DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NS3 

OA82, MASS 

X 

N78 

OA8S, MASS 

□ 

N82 

OA82, MASS 

Y 

N31 

MASS 

+ 

N38 

MA22 

* 

X44 

MA22 

L 

N48 

MASS 

c 

N95 

OA169 

V 

N98 

OA169 

H 

N97 

OAX39 
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HE 3-91. PITCH UP PITCHING MOMENT CORRELATION FROM 30p-35 
DEGREES ANGLE OF ATTACK 
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NOZZLE NUMBER 

TEST NUMBER 

0 

NS2 

OA82, MA22 

X 

NTS 

OA82, MA22 

□ 

NS8 

OAS2, MA22 

? 

N31 

MA22 


NSS 

MA22 

* 

N44 

MA22 

h 

N4I 
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c 

NSS 

OA169 

V 

NM 
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H 

NST 
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FIGURE 3-10 ». PITCH CP SIDE FORCE CORRELATION FROM 15—20 
' DEGREES ANGLE OF ATTACK 
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MOMENTUM RATIO 


FIGURE 3-10b. PITCH UP SIDE FORCE CORRELATION FROM 20—25 
DEGREES ANGLE OF ATTACK 



FIGURE 3-10 o. PITCH UP SIDE FORCE CORRELATION FROM 25—30 
DEGREES ANGLE OF ATTACK 


3-100 



AC INTERACTION AC INTERACTION 
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TEST NUMBER 

0 
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X 
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□ 
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MA22 

+ 
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FIGURE 3-10d. PITCH UP SIDE FORCE CORRELATION FROM 30—33 
DEGREES ANGLE OF ATTACK 



FIGURE 3-10 e. PITCH UP SIDE FORCE CORRELATION FROM 33-MAX. 
DEGREES ANGLE OF ATTACK 
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I INTERACTION 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N52 

OAM, MASS 

X 

N7S 

OAB2, MASS 

a 

N82 

OAS2, MASS 

r 

N31 

MASS 

+ 

N3S 

MASS 

* 

N44 

MAS2 

L 

N4I 

MA32 

c 

H9I 

OA18I 

V 

MM 

OAM9 

8 

N»7 

6ai«9 
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MOMENTUM RATIO 


FIGURE 3-11 *. PITCH UP ROLLING MOMENT CORRELATION FUOM 13—20 
DEGREES ANGLE OF ATTACK 
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MOMENTUM RATIO 


FIGURE 3-11 b. PITCH UP ROLLING MOMENT CORRELATION FROM 20-25 
DEGREES ANGLE OF ATTACK 



MOMENTUM RATIO 


FIGURE 3-110. PITCH UP ROLLING MOMENT CORRELATION FROM 25—30 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NSS 

OAsS. MISS 

X 

N73 

OAS2, MASS 

n 

NSS 

OASS. MISS 

V 

* 

N31 

MASS 

+ 

NSS 

MASS 

* 

N44 
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€ 
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•• 
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H 
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GAX39 



7IGURE 3-Ud. PITCH UP UG LUNG MOMENT CORRELATION FROM 30— :J5 

DEGREES ANGLE OF ATTACK 



FIGURE 3-lle. PITCH UP ROLLING MOMENT CORRELATION FROM 3S*-MAX 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N6J 

OAI2, MA22 

X 

N7I 

OAI2. MA22 

□ 

NI2 

OAI3, MA22 

T 

N31 

XA22 

+ 

N3I 

MA23 

* 

M44 

MASS 

L 

N4I 

MASS 

e 

NIB 

OAlIt 

V 

NM 
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H 
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FIGURE 3-12a. PITCH UP YAWING MOMENT CORRELATION FROM 15-20 
DEGREES ANGLE OF ATTACK 
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MOMENTUM RATIO 

FIGURE 3-12 b. PIT( '? YAWING MOMENT CORRELATION FROM 20—23 
DEGREES ANGLE OF ATTACK 



FIGURE 3-12o. PITCH UP YAWING MOMENT CORRELATION FROM 22—30 
DEGREES ANGLE OF ATTACK 
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OASD-NSC- 


SYMBOLS 

NOZZLE NUMBER 

TEiT NUMBER 

0 

N52 

OAI2. MA22 

X 

NM 

CAI2, M«22 

□ 

Nil 

OAK, MA22 

Y 

N21 

MA22 

+ 

N3S 

MA22 

* 

N44 

MA22 

L 

Ml 

MA22 

< 

N15 

OA169 

V 

NM 

OA1S9 

H 

N97 

OA1C9 



figure 3-ia.i. pitch up yawing moment correction from doi-is 

DEGREES ANGLE OF ATTACK 





FIGURE 3-12 PITCH UP YAWING MOMENT CORRECTION FROM SB- MAX, 
DEGREES ANGLE OF ATTACK 
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PEAK ROLLING MOMENT COEFFICIENT »*EAK SIDE FORCE COEFFICIENT PEAK YAWING MOMENT COEFFICIENT 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NI2 

OAK, MA22 

X 

NT! 

0AI2, MA22 

□ 

NU 

0AI2, MA22 

T 

N31 

MA22 

H- 
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* 

N44 
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MAS2 
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V 

NN 
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H 

NIT 
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MOMENTUM RATIO 


FIGURE 3-13 »• PITCH UP RCS PEAK TAWING MOMENT 
AT LOW ANGLES OF ATTACK 
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FIGURE 3-13 b. PITCH UP RCS PEAK SIDE FORCE 
AT LOW ANGLES OF ATTACK 



MOMENTUM RATIO 


FIGURE 3-13 o. PITCH UP RCS PEAK ROLLING MOMENT 
AT LOW ANGLES OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NS2 

OA82, MASS 

X 

N7I 

OA82, MASS 

□ 
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OA02, MASS 

r 

NSX 

MA22 

+ 

N30 ’ 

MA22 

# 

N44 

MASS 

L 
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MASS 

* 

N9S 
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V 

NM 
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H 

N97 

OAX68 
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FIGURE S-14a. PITCH UP RCS PEAK SIDE FORCE 

CORRELATION '.VTTH ANGLE OF ATTACK 


FIGURE 3*X4b. 


PITCH UP RCS SIDE FORCE VARIATION FROM 
PEAK VALUE TO 15 DEGREES ANGLE OF ATTACK 
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FIGURE 3-14o. prTCH UP RCS PEAK ROLLING MOMENT 
CORRELATION WITH ANGLE OF ATTACK 
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FIGURE 3-14 d. PrTCH UP RCS ROLLING MOMENT VARIATION FROM 
PEAK VALUE TO IS DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMB! 

0 

NS2 

OA82, MASS 

X 

N78 

OA82, MASS 

□ 

N82 

OA82, MASS 

Y 

N31 

MA23 

+ 

N38 

MASS 

* 

N44 

MASS 

L 

N4I 

MASS 

t 

N88 

OA189 

V 

N98 

OA1B9 

H 

N87 
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ANGLE OF ATTACK ~ DEG 


FIGURE 3-14e. prTCH UP HCS PEAK YAWING MOMENT 
CORRELATION WITH ANGLE OF ATTACK 
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FIGURE 3-14 f. PTTCH UP SCS YAWING MOMENT VARIATION FROM 

PEAK VALUE TO 15 DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 
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0 
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OAB2, MA22 

X 
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FIGURE 3-15*. PITCH UP RCS YAWING MOMENT CORRELATION 
AT ANGLES BELOW PEAK VALUES 
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FIGURE 3-15 b. pitch UP RCS SIDE FORCE CORRELATION 
AT ANGLES BELOW PEAK VALUES 
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A INTERACTION M A INTERACTION 


CASD-?;se-r?-*»os 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N51 

CAs2, MA22 

X 

N81 

MA22 

□ 

N8S 

OA92. MA22 

Y 

N33 

MA22 

*f 

N37 

MA22 

C 

N95 

OA169 

V 

N98 

QA1(59 

H 

N97 

OAX6I 
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MASS FLOW PARAMETER 


3RE 3-18 a. YAW R.C.S AXIAL FORCE CORRELATION FROM - 10 *“ 5 

DEGREES ANGLE 0 F ATTAC K 
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MASS FLOW PARAMETER 


FIGURE 3-!8 ’■> • YAW R.C.S AXIAL FORCE CORRECTION FROM 
DEGREES ANGLE OF ATTACK 
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A INTERACTION . A INTERAI 


CASD-N5C-T7-J0S 


SYMBOLS 
0 . 

X 

□ 

Y 

+ 

C 

V 
B 


NOZZLE NUMBER 
MSI 
MSI 
MIS 
MSS 
N37 
MIS 
MIS 
MI7 


TEST NUMBER 
OAI2, MASS 

mas: 

OAI2. MA2S 

MA22 

MA22 

OAKS 

OA168 

OAlfll 



FIGURE 3-16 0. YAWIl.C.S AXIAL FORCE CORRELATION FROM 0—5 
DEGREES ANGLE OF ATTACK 



FIGURE 3-16d. YAW R.C.S AXIAL FORCE CORRELATION FROM 5—10 
DEGREES ANGLE OF ATTACK 
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NOZZLE NUMBER 
NS1 
Ndl 
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N33 

N37 

N95 

N96 

N97 


TEST NUMBER 

OABS, MASS 
MASS 

OA82, MASS 

MASS 

MASS 

OA1S9 

OAlb'9 

OA159 



MASS FLOW PARAMETER 


'RE 3-16 e. YAW R.C.S AXIAL e CRCE CORRELATION FROM 10»-15 
DEGREES ANGLE OF ATTACK 



113 



CASD-NSC-T-WS 


SYMBOLS 

0 

X 

□ 

Y 
+ 

C 

V 
H 


NOZZLE NUMBER 
N8X 
N61 
N8B 
N33 
N37 
N9S 
N96 
N97 


TEST NUMBER 

OA82, MA38 
MA22 

OA82, MASS 

MA22 

MA22 

OAL69 

OA169 

QA1S9 



FIGURE 3-16 g. YAW R.C.S AXIAL FORCE CORRELATION FROM 30-35 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-16 h. YA W R. C . S AXIA L FORCE CORRELATION FRO:.' 25— 30 

DEGREES ANGLE OF ATTACK 
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SYMBOLS 

0 

X 

□ 

Y 

C 

V 

H 


NOZZLE NUMBER 
N51 

::sx 

N«5 

N'33 

:;a? 

sa 

N95 

NOT 


TEST NUMBER 


OA92. MA22 
MA22 

0As2. MA32 

MA22 

MA22 

OA169 

QAI69 

OA1S9 



;RE 3-16 i. YAW R.C.S AXIAL FORCE CORRELATION FROM 3u*-35 
DECREES ANGLE OF ATTACK 
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YAW R.C.S AXIAL FORCE CORRECTION FROM 30*»MAX 
DEGREES ANGLE OF ATTACK 
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C.VSD-HSC-T--003 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N61 

OA82, MASS 

X 

N81 

MA22 

□ 

NS3 

OA82, MASS 

Y 

N33 

MASS 

+ 

N37 

MASS 

C 

N98 

OA169 

V 

N9S 

OA169 

B 

N97 

OA169 



FIGURE 3-1? a. yAW R , C .S. NORMAL FORCE CORRELATION FROM -10«— 5 
DEGREES ANGLE OF ATTACK 



FIGURE 3-l?b. YAW R.C.S. NORMAL FORCE CORRELATION FROM -5«-0 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 
0 • 

X 


V 

c 

V 

H 


NOZZLE NUMBER TEST NUMBER 


N 81 

:m 

:.*83 

N33 

H37 

N95 

N98 

N97 


OA82, MA22 
MASS 

GA32, MA22 

MA22 

MA22 

0A1S9 

OAiti9 

OA169 



MASS FLOW PARAMETER 


FIGURE 3-17 c. YAW U.C, 3. NORMAL FORCE CORRELATION FROM 0-3 

DEGREES ANGLE OF ATTACK 



FIGURE 3-17d. YAWR.C.S. NORMAL FORCE CORRELATION FROM 3*-10 
DEGREES ANGLE OF ATTACK 
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N INTERACTION N INTERACTION 


CASD-NSC-77-J03 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

NSX 

OA82, MAS2 

X 

N«1 

MASS 

G 

HIS 

OA92, MASS 

Y 

N33 

MASS 

+ 

N37 

MASS 

C 

N9S 

OA169 

V 

NO# 

OA109 

H 

N97 

OA199 



MASS FLOW PARAMETER 


riGUHE 3 - 17 *. 


YAW R.C.S. NORMAL FORCE CORRELATION FROM iO— 15 
DEGREES ANGLE OF ATTACK 
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FIGURE 3-17£. YAW R.C.S. NORMAL FORCE CORRELATION FROM IS«»3U 
DEGREES ANGLE OF ATTACK 
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N INTERACTION 
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SYMBOLS NC2ZLE NUMBER TEST NUMBER 



m rjist 3® 

MASS FLOW PARAMETER 


FIGURE 3-17*. VAW R.C.S. NORMAL FORCE CORRELATION FROM 30»25 
DEGREES ANGLE OF ATTACK 



MASS FLOW PARAMETER 


FIGURE 3-17h. YAW R.C.S. NORMAL FORCE CORRELATION FROM AO— .JO 
DEGREES ANGLE OF ATTACK 
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CASD-N5C-77.003 


SYMBOLS NOZZLE NUMBER TEST NUMBER 


0 

X 

a 

Y 
+ 
C 

V 

B 


NSl 

OAS3. MASS 

Nfll 

MASS 

NIB 

OAB3, MASS 

N33 

MASS 

N37 

MA2S 

N98 

OA169 

NM 

OA169 

N9T 

OA1C9 



MASS FLOW PARAMETER 


IGURE 3-1 


YAW R.C.3. NORMAL FORCE CORRELATION FROM 30—35 
DECREES ANGLE OF ATTACK 



FIGURE 3-17 j. YAW R.C.S. NORMAL FORCE CORRELATION FROM 35— MAX 
DEGREES ANGLE OF ATTACK 
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4C INTERACTION Jc Y INTERACTION 


CASD-N3C-"?— J03 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N51 

OAS3> MASS 

X 

N'fil 

MA22 

□ 

N85 

OASSt MASS 

Y 

N33 

MASS 

-r 

N37 

MASS 

0 

N38 

OA1G9 

V 

NM 

OA169 

H 

N97 

OA1S9 



MASS FLOW PARAMETER 


FIGURE 3*13a. YAW R.C.S. SIDE FORCE CORRELATION FROM -10*>-5 
DEGREES ANCLE OF ATTACK 
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MASS FLOW PARAMETER 


FIGURE 3-13b. YAW R.C.S. SIDE FORCE CORRELATION FROM -5— 0 
DEGREES ANGLE OF ATTACK 



MASS FLOW PARAMETER 


FIGURE 3-18 o. YAW R.C.S. SIDE FORCE CORRELATION FROM 0«-5 
DEGREES ANGLE OF ATTACK 
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SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 . 

N51 

OA92, MA22 

X 

N61 

MA22 

□ 

NSS 

OA82. MA22 

Y 

NS3 
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N37 
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N95 

OA199 
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OA1S9 
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N97 
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FIGURE 3-lSd. YAW R.C.S. SIDE FORCE CORRELATION FROM 5-10 
DEGREES ANGLE OF ATTACK 



FIGURE 3-18 e. YAW R.C.S. SIDE FORCE CORRELATION FROM 10—15 

DEGREES ANGLE OF ATTACK 
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FIGURE 3-18 f. YAW R.C.S. SIDE FORCE CORRELATION FROM 15—20 

DEGREES ANGLE OF ATTACK \ 
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AC INTERACTION ^C y INTERACTION 4C INTERACTION 


CASD-N5C -77-003 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 . 

N51 

OA82. MASS 

X 

N81 

MASS 

□ 

N85 

OA82, MASS 

Y 

N33 

MASS 

+ 

N37 

MASS 

C 

N9S 

OA169 

V 

N96 

OA169 

B 

N97 

OA1S9 
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MASS FLOW PAflAMSTEB 


FIGURE 3-18*. YAW R.C.S. SIDE FORCE CORRELATION FROM 20-25 
DEGREES ANGLE OF ATTACK 
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MASS FLOW PARAMETER 

CRE 3-13 h. YAW R.C.S. SIDE FORCE CORRELATION FROM 25—30 

DEGREES ANGLE OF ATTACK 



FIGURE 3-131- YAW R.C.S. SIDE FORCE CORRELATION FROM 30—35 
DEGREES ANGLE OF ATTACK 
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CASD-NSC-77-003 


SYMBOLS 

0 

X 


□ 

Y 
+ 
C 

V 
H 


NOZZLE NUMBER 
N51 
NIX 
Nil 
N33 
N37 
N9S 
Nil 
N97 


TEST NUMBER 
OA82, MA22 
MA22 

OA82, MA22 

MA22 

MA22 

OA189 

OAXS9 

OAX69 



FIGURE 3-13 j. YAW R.C.S. SIDE FORCE CORRELATION FROM 3S*»MAX. 
DEGREES ANGLE OF ATTACK 
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M INTERACTION 3 M INTERACTION 


CASD-N’SC-r?-M3 


SYMBOLS 

0 

s 

□ 

T 

c 

V 

a 


NOZZLE NL'MBER TEST NTM3ES 


ns: 

N81 

Nas 

N33 

N37 

N9B 

N96 

N97 


OA82, I.LLSS 
MASS 

OA32, MASS 

mass 

MA23 

QAZ69 

OA189 

OAI69 



MASS FLOW PARAMETER 


GURE 3-19 a. 


YAWH.C.3. PITCHING MOMENT CORRELATION FROM -10—~ 3 
DEGREES ANGLE OF ATTACK 



.9 .3109 .3109 .»■) 


MASS FLOW PARAMETER 

FIGURE 3-19 b. YAW R.C.S. PITCHING MOMENT CORRELATION FROM -3—9 
DEGREES ANGLE OF ATTACK 
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CASD-N3e-:?.903 


SYMBOLS NOZZLE NUMBER TEST NUMBER 


0 

X 

□ 

T 

+ 

C 

V 

H 


N81 

OAI2, MASS 

N81 

mas: 

N85 

OA3S, MA22 

N33 

MASS 

N37 

MA22 

N95 

CA189 

N»« 

OA169 

N97 

OA189 



FIGURE 3-19 c. YAW R.C.S, PITCHING MOMENT CORRELATION FROM 0—5 
DEGREES ANGLE OF ATTACK 
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MASS FLOW PARAMETER 

FIGURE 3-l9d. YAW R.C.S. PITCHING MOMENT CORRELATION FROM 5—10 
DEGREES ANGLE OF ATTACK 
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CA£D-.\SC-T?-W3 


SYMBOLS 
0 . 

JC 

□ 

Y 

+ 

C 

V 
H 


IZZLE NUMBER 

TEST NUMBER 

N31 

OA32, MASS 

N81 

MAS2 

N85 

OA32, MASS 

N33 

MASS 

N37 

MASS 

N8S 

OAHS9 

N98 

OAZS9 

N»7 

OA1C9 



riGUHE 3-l'Je- YAW R.C.S. PITCHING MOMENT CORRELATION FROM 1U«-15 
DEGREES ANGLE OF ATTACK 



FIGURE 3-13 YAW R.C.S. PITCHING MOMENT CORRELATION FROM 1C**29 
DEGREES ANGLE OF ATTACK 
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« INTERACTION 


>,*ASD-N5C-T?-003 


SYMBOLS NOZZLE NUMBER TEST NUMBER 

0 - NSl OA82, MA22 

* N61 MA22 

□ N«s OAS2, MA22 

* N33 MA22 

+ H37 MA22 

C NM OA169 

V N9« OA169 

H N97 OA169 



FIGURE 3-19*. YAWB.C.S. PITCHING MOMENT CORRELATION FROM 20—28 
DEGREES ANGLE OF ATTACK 



MASS FLOW PARAMETER 


FIGURE 3-19h- YAW U.C.S. PITCHING MOMENT CORRECTION FROM 25—20 
DEGREES ANGLE OF ATTACK 
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I INTERACTION l INTERACTION 


casd-nsc-??~w3 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N51 

CASS, MASS 

X 

N81 

MASS 

□ 

N85 

OAsS. MASS 

Y 

N33 

MASS 

+ 

N3? 

MASS 

C 

N9S 

OA169 

V 

N96 

OA169 

H 

N97 

OA169 



FIGURE 3-101. YAW R.C.S. ROLLING MOMENT CORRELATION FROM -iC—5 
DEGREES ANGLE OF ATTACK 



FIGURE 3-I0b. YAW R.C.S. ROLLING MOMENT CORRELATION FROM -5~0 
DEGREES ANGLE OF ATTACK 



FIGURE 3-iOo. YAW R.C.S. ROLLING MOMENT CORRELATION FROM tW3 
DEGRESS ANGLE OF ATTACK 
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t INTERACTION C i IN I EilAC TIO U „ ^ INTERACTION 


C*\SD*:«SC-TT.JI)3 


SYMBOLS 

NOZZLE NUMBER 

TEST NW.ISSR 

0 . 

N51 

QA82, MASS 

X 

N6X 

MASS 

C 

N4S 

OA82. MASS 

Y 

N33 

MASS 

*r 

N37 

MASS 

c 

NOS 

OAIOO 

V 

NOS 

OAIOO 

H 

N07 

OA160 



MASS FLOW PARAMETER 


rns 3-20 li. YAW B.C.S. ROLLING MOMENT CORRELATION PROM 3<M0 
DEGREES ANGLE OF ATTACK 



MASS FLOW PARAMETER 


FIGURE 3-20.;, YAW R.C.3. ROLLING MOMENT CORRELATION FROM lO-ifj 
DEGREES ANGLE OF ATTACK 





CASD-N5C-T%.)03 


SYMBOLS 

NOZZLE NUMBER 

TEST number 

0 . 

NS1 

OAI2, MASS 

X 

N81 

MASS 

□ 

N8S 

OA8S, MASS 

Y 

N33 

MASS 

+ 

N37 

MASS 

C 

N88 

OA288 

V 

NM 

OA1S9 

B 

NIT 

OA188 



FIGURE 3-20*. YAW R.C.S. ROLLING MOMENT CORRELATION FROM 30—25 
DEGREES ANGLE OF ATTACK 



FIGURE 3-20 h. YAW R.C.S. ROLLING MOMENT CORRELATION FROM 25-30 
DEGREES ANGLE OF ATTACK 



FIGURE 3-20L YAW R.C.S. ROLLING MOMENT CORRELATION FROM 30-35 
DEGREES ANGLE OF ATTACK 
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I itfrEtiAcnou 



NOZZLE :.TMBSS 


test semseb 


0 . 

N'Sl 

OAts, mad: 

X 

N«X 

mad: 

Q 

its# 

OA32. MA22 

*/ 

N33 

MA22 


N37 

MASS 

c 

N9S 

CAISJ 

*>* 

ns« 

OA16S 

H 

N*7 

OAKS 



MASS flow parameter 


FIGURE 3-a ( YAW R.C.J. ROLLING MOMENT CORRELATION FROM J5—MAX. 

DEGREES ANGLE OF ATTACK 
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CASD-NSC-77.JQ3 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

Nil 

OAS2, MASS 

X 

Nil 

MA22 

□ 

NIS 

OAI2, MASS 

V 

N33 

MASS 

+ 

NS7 

MASS 

c 

N»S 

OAI6* 

V 

NIC 

OA16J 

H 

N»7 

OAlfiS 



I rjrsj 

MASS PLOW PARAMETER 


FIGURE 3-ila. YAW R.C. 3. VA WING MOMENT CORRELATION FROM -10—3 

DEGREES ANGLE OF ATTACK 



[89 .-*81 

MASi FLOW PARAMETER 


FIGURE 3-21b. YAW R.C.S. YAWING MOMENT CORRELATION FROM -5—0 

DEGREES ANGLE OF ATTACK 



MASS FLOW PARAMETER 


FIGURE 3-ilo. YAW R.C.S.YAWtNG MOMENT CORRELATION FROM 0—5 
DEGREES ANGLE OF ATTACK 
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GASD-NSC -77-003 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N51 

OA52, MASS 

X 

N61 

MA22 

□ 

N55 

OA8S, MASS 

Y 

N33 

MASS 

+ 

N37 

MASS 

C 

NOS 

OA1SO 

V 

NOS 

OA169 

H 

N07 

OAX69 



FIGURE 3-210. YAW R.C.3. YAWING MOMENT CORRELATION FROM 5—10 
DEGREES ANGLE OF ATTACK 
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77*118 


MASS FLOW PARAMETER 


FIGURE 3-21e. YAW R.C.S. YAWING MOMENT CORRELATION FROM 10-15 
DEGREES ANGLE OF ATTACK 



FIGURE 3-21f. 


YA W R. C . S . Y.' 'VING MOMENT CORRELATION FROM 15—20 
DEGREES ANG: £ OF ATTACK 
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CA3D-NSC-77-003 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 

N81 

OA82, MA23 

X 

NS1 

MA22 

□ 

NIB 

OA82, MASS 

Y 

N33 

MASS 

+ 

N37 

MA22 

C 

NI8 

OA169 

V 

Nil 

OA169 

H 

N97 

OA159 



MASS FLOW PARAMETER 


FIGURE 3-21 g, YAW R.C.S.YAWING MOMENT CORRELATION FROM 20-25 

DEGREES ANGLE OF ATTACK 



MASS FLOW PARAMETER 


FIGURE 3-21h. YAW R.C.S.YAWING MOMENT CORRELATION FROM 25— 30 
DEGREES ANGLE OF ATTACK 



"(IASS FLOW PARAMETER 


FIGURE 3-21 1. YAW R. C .3. YAWING MOMENT CORRELATION FROM 30—35 

DEGREES ANGLE OF ATTACK 
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u INTERACTION 


CASD-NSC-77-00: 


SYMBOLS 

NOZZLE NUMBER 

TEST NUMBER 

0 . 

N31 

V..82, MASS 

X 

N81 

MASS 

□ 

N85 

OAo2, MASS 

Y 

N33 

MASS 

+ 

N37 

MASS 

C 

N9S 

OA169 

V 

N9S 

OA160 

K 

N97 

OA169 



PIGUHE 3-21 j. YAW R.C.S. YAWING MOMENT CORRELATION PROM 35*- MAX, 
DEGREES ANGLE OP ATTACK 


3-137 












INTERACTION 


CAati-:{sc-7r-oo3 


NOTE.- PLOTTED DATA IS COMPUTED DATA DIVIDED BY 2. 

SYMBOL NOZZLE NUMBER TEST NUMBER 

□ N49, NSO OA 32 

7 N98 OA 163 



MOMENTUM RATIO 


FIGURE 3-22 o. . SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

15 TO 20 DEGREES ANGLE OF ATTACK! AXIAL FORCE 



FIGURE 3-223. . SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

20 TO 25 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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INTERACTION w INTERACTION 


CASD-NSC-77-003 


NOTE: PLOTTED DATA IS COMPUTED DATA DIVIDED BY 2. 

SYMBOL NOZZLE NUMBER TEST NUMBER 

□ N49, N50 OA 32 

V N98 OA 1S9 



•« .JIM .J*M .JM8 .StJJ .tOSS .IMS 


MOMENTUM RATIO 

FIGURE 3-226. , SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

IS TO 20 DEGREES ANGLE OF ATTACK* NORMAL FORCE 



MOMENTUM RATIO 


FIGURE 3-22f. : SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

20 TO 2S DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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'lUTEItACTION 


c.\sd-:;sc-7?-jo3 


NOTE: PLOTTED DATA !b COMPETED DATA DIVIDED 3Y 2. 

SYMBOL NOZZLE NUMBER TEST NUMBER 

□ N49, N30 OA S2 

V N98 OA 189 



MOMENTUM RATIO 


FIGURE 3-22 5 , ■ SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

30 TO 35 DEGREES ANGLE OF ATTACK; NORMAL FORCE 



MOMENTUM RATIO 


FIGURE 3- '2 ;j. . SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

35 TO 42.3 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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‘interaction “interaction 


CASD-sse-rr-m 


NOTE: PLOTTED DATA IS COMPUTED DATA DIVIDED BY 2, 


SYMBOL 


□ 

V 


NOZZLE NUMBER 

N49, NSO 
N96 


TEST NUMBER 

OA 92 
OA 169 



• 



1 

1 

| 

1 

I 

i 

j 

! 

i 

! 

1 




CURVE 

i 

1 

FIT OF DATA 

i i r 



• i j 

1 





* 

^1 1 ! 

■ 1 

1 

I 

1 



[ 

L , 


f 


" • ! 

PREDICTION 


i 

i 

2<7 'vL'a!“ 

.. 

;.-n ■ 



| 

j | 

j j 

i | 


I 

l 


•« *i!M .Ml .1191 .9191 .1911 .1111 


MOMENTUM RATIO 


7IGURE 3-22 1. : SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

IS TO 20 DEGREES ANGLE OF ATTACK; PTTCHING MOMENT 
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'URVE FIT OF DATA „ 
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PREDICTION 

.. . 



I' 

2 7>‘v 

. . 



j i 



: 

j 


.9 .4199 .4199 , .4999 .9199 .1909 .1199 

MOMENTUM RATIO 


FIGURE 3-22 j. : SYMMETRIC FITC.. DOWN RCS INTERACTIONS FROM 

20 TO 25 DEGRESS ANGLE OF ATTACK; PITCHING MOMENT 
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INTERACTION “INTERACTION 


OASD-nsc-t-m; 


NOTE; PLOTTED DATA Id COMPUTED DATA DIVIDED 3V 2. 


SYMBOL 

NOZZLE NUMBER 

TEST NUMBER 

□ 

NAS, NSO 

OA 22 

V 

N3« 

OA 189 



•» .9199 .jijj . it )} .:•» •1399 •iim 


MOMENTUM RATIO 

EIGURE 3-2 2k: SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 

30 TO 38 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 



FIGURES' 


SYMMETRIC PITCH DOWN RCS INTERACTIONS FROM 
33 TO 42.3 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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CASD-HSC-77-003 


symbol nozzle number test number 

0 N49, N32 OA 42 

X N79, N78 MA 22 

V N9« OA 189 



MOMENTUM RATIO 


FIGURE 3-23 »• « SYMMETRIC ROLL RCS INTERACTIONS FROM 13 

TO 20 DEGREES ANGLE OF ATTACK! AXIAL FORCE 



MOMENTUM RATIO 


FIGURE 3-23 b. •. SYMMETRIC ROLL RCS INTERACTIONS FROM 20 

TO 25 DEGREES ANGLE OF ATTACK: AXIAL FORCE 
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INTERACTION 



MOMENTUM RATIO 


FIGURE 3-23e. ! SYMMETRIC ROLL RCS INTERACTIONS "ROM 30 

TO 35 DEGREES ANGLE OP ATTACK,' AKIAL FORCE 



MOMENTUM RATIO 


FIGURE 3-33<i. : SYMMETRIC ROLL RCS ErTERACTICNS PROM 33 

TO 42.3 DEGREES ANGLE 07 ATTACK; AICAL FORCE 

;j-143 



IHTS'H ACTION ACs INTEHACTIOH 


CASo-:;sc-r?.ji» 


symbol nozzle .n lube a 

0 :m», nsz 

X NT9, STS 

V S98 


test NUMBER 

QA 82 

MASS 
oa m 


! 1 ; ! ! ! ' 

» 

i 

nz'-’U/ 

CURVE FIT Of DATA I 

" • 'V 





; 

) ! 


Sot- 


‘™“ i ! 


i 

; j 

; 


. 1 '""K 




! 

1 . t; : 



1 


! ! \ \ ""i 

F PITCH UP AND PITCH DOWN PREDIC 

1 t i I 

’ ! 


SUM 0 

ITIONS — 

: ! 



! 1 

i 1 

! . I 


-* •>»«» -aka* .9M» ..lia ,iasg .ust 

MOMENTUM RATIO 


FIGURE 3-23e. ; SYMMETRIC ROLL RCS INTERACTIONS FROM 15 

TO 20 DEGREES ANGLE OF ATTACK; NORMAL FORCE 



FIGURE 3-22 1. i SYMMETRIC ROLL RCE INTERACTIONS FROM 20 

TO 25 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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A Cn EWEttAtrili -r; ^ N IN i EHMU'lC N 


Co5E-NSC-”’-j03 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N49, NS2 OA32 

X N79, N78 MA 22 

V :i3« -A :sj 



•3 .meg .3933 ..1.1 ..119 ,1339 .1199 


MOMENTUM RATIO 

FIGURE 3-JCa;. : SYMMETRIC ROLL RCS INTERACTIONS FROM 30 

TO 33 DEGREES ANGLE OF .ATTACK; 



.3 .3193 .3393 .3939 .3933 .1333 .1133 


MOMENTUM RATIO 


FIGURE 2-23 h. -. SYMMETRIC ROLL RCS INTERACTIONS FROM 35 
TO 42 . a DEGRESS ANGLE OF ATTACH, 


>> 
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SS INTERACTION 


CASD-;;sc-T?-J03 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N49, N32 QA S3 

X N79, N7S MA 23 

V N9« OA 1#9 



.gaga ,ata« .atat .aggg .iggg -uaa 


MOMENTUM RATIO 

FIGURE 3-23 i SYMMETRIC ROLL RC3 INTERACTIONS FROM 15 

TO 20 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 



•g .aigg .aiaa .a»aa .aiaa .uaa .uaa 

MOMENTUM RATIO 


FIGURE 3-23]. : SYMMETRIC ROLL ECS INTERACTIONS FROM 20 

TO 25 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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AC. 


CASD-NSC-T7-003 


STOOL NOZZLE NUMBER 

0 N4», N82 

X NTS, NTS 

V NSS 


TEST NUMBER 

0AS2 
MA 23 
OA1S9 



MOMENTUM RATIO 


FIGURE 3--3 fc : SYMMETRIC ROLL RCS INTERACTIONS FROM 30 

TO 38 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 



.0 .9!09 .9409 .4400 .9(90 .1909 .1909 


MOMENTUM RATIO 


FIGURE 3-231 : SYMMETRIC ROLL RCS INTERACTIONS FROM 33 

TO 42.5 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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Interaction 


CACD-NSC -T7-.J0J 


SWBOL NOZZLE NUMBER TEST NUMBER 

0 N4», NB2 OA S3 

X N79, NTS MASS 

V N98 OA 181 



-jjjj 5 

MOMENTUM RATIO 


FIGURE 3-23 mi SYMMETRIC ROLL RCS INTERACTIONS FROM IS 

TO SO DEGREES ANGLE OF ATTACK) ROLLING MOMENT 



MOMENTUM RATIO 


FIGURE 3-23 a .• SYMMETRIC ROIL RCS INTERACTIONS FROM 20 

TO 28 DEGREES ANGLE OF ATTACK) ROLLING MOMENT 
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■ nu 

Amteuaction 


C A8D-NSC -77-003 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N49, NS2 OA42 

X N79. N76 MA22 

V N98 OA 169 



MOMENTUM RATIO 


FIGURE 3-23o s SYMMETRIC ROLL RCS INTERACTIONS PROM 30 

TO 35 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 



MOMENTUM RATIO 


FIGURE 3-33 p : SYMMETRIC ROLL RCS INTERACTIONS FROM 35 

TO 42.5 DEGRESS ANGLE OF ATTACK; ROLLING MOMENT 
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‘INTERACTION 


CA3D-NSC-T--003 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 NS4 OA 82, MA 22 



MOMENTUM RATIO 


FIGURE 3-24a. : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM -10 TO -5 DEGREES ANGLE OT ATTACK! AXIAL FORCE 



MOMENTUM RATIO 


FIGURE 3-24 b. : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM -3 TO 0 DEGREES ANGLE OF ATTACK! AXIAL FORCE 
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SYMBOL NOZZLE NUMBER 

0 N*4 


TEST NUMBER 
QA 43, MA 22 
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MOMENTUM RATIO 


FIGURE 3-24o. : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 15 TO 20 DEGREES ANGLE OF ATTACK; AXIAL FORCE 



FIGURE 3-24 d. : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 20 TO 25 DEGREES ANGLE OF ATTACH; AXIAL FORCE 
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CASD-N'SC 

SYMBOL 

0 

NOZZLE NUMBER 
N84 

TEST NUMBER 
OA 82, MA 22 



HUM or PITCH UP AND YAW PS I£3IG’,1 VA i 


r.^iT ~ J 


MOMENTUM RATIO 


FIGURE 3-24*. 


s PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 
raOM 10 TO 38 DEGREES ANGLE OF ATTACKi AXIAL FORCE 






SUM OF PITCH UP AND YAW PREDICTIONS 


MOMENTUM RATIO 


FIGURE 3-241. 


PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 
"ROM 38 TO 42. 3 DEGREES ANGLE OF ATTACKi AXIAL FCRC 














MOtXOVaaXHIu l " NOIXOVH3ANJ] 


C.\J»D-NSC-’"-')')3 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N H OAfSi MASS 



.iHI •< 

MOMENTUM RATIO 


3-241. j PITCH UP PLUS YAW ECS COMBINES CONTROL INTERACTIONS 

FROM' IS TO 20 DEGREES ANGLE OF ATTACK; NORMAL FORCE 



MOMENTUM RATIO 

FIGURE 3-24 j. ! PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 20 TO 25 DEGREES ANGLE OF ATTACKS NORMAL FORCE 
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“interaction “interaction 


QA3D»N'SC-?7.}9J 


SYMBOL NOZZLE NUMBER TEST NUMBER. 

0 i»«4 OAI2, MA23 



•jR?x.*oi«?Jvno 


FIGURE 3-24 m s PITCH UP PLUS YAW f S S COMBINED CONTROL INTERACTIONS 

FROM -10 TO -5 -iSREES ANGLE OF ATTACK} PITCHING MOMENT 



MOMENTUM RATIO 


FIGURE 3-24 n ; PITCH UP PLUS YAW HCS COMBINED CONTROL INTERACTIONS 

FROM -5 TO 0 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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n noixovaaiH^, 




SYMBOL NOZZLE NUMBER TEST NUMBER 

0 SM4 04 H8, MA 35 



MOMENTUM RATIO 


FIGURE 3-540 FITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM IB TO 50 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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MOMENTUM RATIO 




AO, 


CASD.N8C-H->05 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N«4 OA 91 , HA 33 



MOMENTUM RATIO 


FIG CM 3-24 q : PITCH UP PLUS YAW RC3 COMBINED CONTROL INTERACTIONS 

FROM 30 TO 3S DEGREES ANGLE OF ATTACK; PITCHING MOMENT 



MOMENTUM RATIO 


FIGURE 3-24 r : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 35 TO 42.5 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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MOMENTUM RATIO • 


FIGURE 3-2-tt : PITCH UP PLUS YAW ACS COMBINED CONTROL INTERACTIONS 

FROM 20 TO 25 DEGREES ANGLE OF ATTACK,- ROLLING MOMENT 
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^NTEKACTIOH 


CA9D-N9C-77-MS 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N*4 OA 82, MA 22 



HCOItt 3-24 u s PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 30 TO 09 DECREES ANCLE OF ATTACK: ROLLING MOMENT 



MOMENTUM RATIO 


FIGURE 3-24 v t PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 35 TO 42. S DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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“INTERACTION "iHTERACTION 


CASB-N'SC-?7*-!03 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N34 OA 32, MA 22 


MOMENTUM RATIO 

FIGURE 3*24 w : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM IS TO 20 DEGREES ANGLE OF ATTACK; YAWING MOMENT 




MOMENTUM RATIO 


FIGURE 3-24.* ; PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 20 TO 2S DEGREES ANGLE OF ATTACK; YAWING MOMENT 
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''interaction “interaction 


CA3D-NSC-77-0QJ 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N<4 OA 83, MA 22 



MOMENTUM RATIO 


HCURE 3-24y ■ PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 30 TO 38 DEGREES ANGLE OF ATTACK; YAWING MOMENT 



MOMENTUM RATIO 


FIGURE 3-24 z : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 

FROM 3S TO 42. S DEGREES ANGLE OF ATTACK; YAWING MOMENT 
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^INTERACTION ^INTERACTION 


casd-vsc-tt-io.-i 


SYMBOL NOZZLE NUMBER TEST NUMBER 

0 N34 OA 32, MA 22 



MASS FLOW RATIO 


FIGURE3-.il aa: PITCH UP PLUS YAW RCS COMBINED CONTROL INTSRACTICNS 
FROM IS TO 20 DE CRUSES ANGLE OF ATTACK; SIDE FORCE 



MOMENTUM RATIO 


FIGURE 3- 21 bb : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 
FROM 20 TO 2S DEGRESS ANGLE OF ATTACK; SIDE FORCE 
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casd-nsc-tt-jos 


SYMBOL 

0 


NOZZLE NUMBER 
N84 


TEST NUMBER 
OAS2, MA 22 
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MOMENTUM RATIO 


■ titl 


FIGURE 3-24 co : PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 
FROM 30 TO 3S DEGREES ANGLE OF ATTACK,* SIDE FORCE 
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MOMENTUM RATIO 


FIGURE 3-24 dd! PITCH UP PLUS YAW RCS COMBINED CONTROL INTERACTIONS 
FROM 35 TO 42.3 DEGREES ANGLE OF ATTACK! SIDE FORCE 


3-166 




OASU-VSC-T-M 3 


SYMBOLS NOZZLE NUMBER TEST NUMBER 

0 N4# MA 22 

X N79 MA 23 

□ N83 MA £2 


*• * <it ^BT * “M.2S 



FIGURE 3-25 a* : FITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE BODY FLAP DEFLECTION FROM -10 
TO -5 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-25b. . PTTCI1 20 WN RCS INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE BODY FLAP DEFLECTION FROM -3 

TO 0 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-23 u. . PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 
-H.2S DEGREE BODY TLA? DEFLECTION FROM 0 

TO S DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-25 d. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM 5 

TO 10 DEGREES ANGLE OF ATTACK! AXIAL FORCE 
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FIGURE 3-250- . HTCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

. -14.23 DEGREE BODY FLAP DEFLECTION FROM 10 

TO 13 DEGREES ANGIE OF ATTACK; ANTAL FORCE 






FIGURE 3-25 i. . FITCH DOWN RCS INCREMENTAL EFFECTS DUS TO 
-14. 23 DEGREE BODY FLAP DEFLECTION FROM IS 
TO 20 DEGREES ANGLE OF ATTACK; AIOAL FORCE 
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FIGURE 3-25 g. : PITCH DOWN RCS INCREMENTAL EPPE CT3 DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION PROM 20 
TO M DEGREES ANGLE OP ATTACK! AXIAL FORCE 



FIGURE 3-25 li. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM 25 
TO 30 DEGREES ANGLE OF ATTACK! AXIAL FORCE 
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FIGURE 3-251. : PITCH SOWN RCS INCREMENTAL EFFECTS SUE TO 

-14.25 DEGHEE BODY FLAP DEFLECTION FROM 39 
TO 35 DEGREES ANGLE OF ATTACK! AISAL FORCE 
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FIGURE 3-25J. 


i PITCH DOWN RCS INCREMENTAL EFFECTS CUE TO 
14.25 DEGREE 3CDV FLA? DEFLECTION FROM 35 
TO 42.3 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-26 a. : PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM -10 

TO -S DEGREES ANGLE OF ATTACKt NORMAL FORCE 



FIGURE C-26 b. 


•. PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM -5 

TO 0 DEGREES ANGLE OF ATTACK: NORMAL FORCE 
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FIGURE 3*28c. . HTCH DOWN RCS INCREMENTAL EFFECTS DUE .’0 

-14. 28 DEGREE BODY FLAP DEFLECTION FROL; 0 

TO 3 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-26.1. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE 20DY FLA? DEFLECTION FROM 3 

TO 10 DEGRESS ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3«28*. i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.28 DEGREE BODY FLAP DEFLECTION FROM 10 

TO IS DEGREES ANGLE OF ATTACK: NORMAL FORCE 
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FIGURE 2-26 f. 


: PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14. 25 DEGREE BODY FLAP DEFLECTION FROM 15 

TO 20 DEGREES ANGLE OF ATTACK: NORMAL FORCE 
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FIGURE 3-29*. ! PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.23 DEGREE BODY FLAP DEFLECTION FROM 20 

TO" 25 DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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3-28 U. . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE BODY FLAP DEFLECTION FROM 23 

TO 30 DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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FIGURE 3-281. . PITCH DOWN RC3 INCREMElfrAL EFFECTS DUE TO 

-14.28 DEGREE BODE FLAP DEFLECTION FROM 30 

TO 38 DEGREE? ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-26 ), . pitch DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.28 DEGREE BODY FLAP DEFLECTION FROM 35 

TO 42.8 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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3-27 a. i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM -10 

TO -3 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FIGURE 3-27 ij, • PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE BODY FLAP DEFLECTION FROM -3 

TO 0 DEGREES ANGLE OF ATTACK} PITCHING MOMENT 
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FIGURE 3-37 o. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.28 DEGREE BODY FLAP DEFLECTION FROM 0 

TO 5 DEGREES ANGLE OF ATTACKS PITCHING MOMENT 
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FIGURE 3-27d. . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.28 DEGREE BODY FLAP DEFLECTION FROM 5 

TO 10 DEGREES ANGLE OF ATTACK; P ITC H ING MOMENT 
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FIGURE 3-278. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.23 DEGREE BODY FLAP DEFLECTION FROM 10 

TO IS DEGREES ANGLE OF ATTACK; PITCHING MOMENT 



FIGURE 3-27 f. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM 15 

TO 20 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FIGURE 3-27*. : PITCH DOWNRCS INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE BOOT FLAP DEFLECTION FROM 20 

TO 25 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 



FIGURE 3-27K 


: PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM 25 

TO SO DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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FIGURE 3-271. 


t PITCH DOWN RC3 INCREMENTAL EFFECTS DDE TO 
-14.25 DEGREE BODY FLAP DEFLECTION FROM 30 

TO 35 DEGREES ANGLE OF ATTACXi PITCHING MOMENT 
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FIGURE 3-27 j. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-14.25 DEGREE BODY FLA? DEFLECTION FROM 35 

TO 42.3 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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FIGURE 3-28ii. . PTTCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 

+13.78 DEGREE BODY FLAP DEFLECTION FROM -10 
TO -S DEGREES ANGLE OF ATTACKS AXIAL FORCE 
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FIGURE 3-2S b. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+13.75 DEGREE BODY FLAP DEFLECTION FROM -5 . 

TO 0 DEGREES ANGLE OF ATTACKS AXIAL FORCE 
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FIGURE 3-2Se. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+13.75 DEGREE BODY FLAP DEFLECTION FROM 30 
TO 35 DEGREES ANGLE OF ATTACK; A3LAL FORCE 



FIGURE 3-23<3. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+13.75 DEGREE 30DY FLAP DEFLECTION FROM 35 
TO 42.3 DEGREES ANGLE OF ATTACK; AIOAL FORCE 



CASD-NSC-77-J03 


iYiiiOLS 


NOZZLE NUMBER TEST NUMBER 


0 N49 MASS 

X N79 MA 22 

□ N83 MA 22 


2 # • 0, Igy * 13. 73 



FIGURE 3-28«. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+13. 75 DEGREE BODY FLAP DEFLECTION FROM -10 
' TO -5 DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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FIGURE 3-23 f- . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+13.75 DEGREE BODY FLAP DEFLECTION FROM -5 

TO 0 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-23?. : PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 

*13.75 DEGREE BODY FLAP DEFLECTION FROM 10 

TO IS DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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FIGURE 3-22 h- i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*13.75 DEGREE BODY FLAP DEFLECTION FROM 15 

TO 20 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-281.- i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
DEGREE BODY FLAP DEFLECTION FROM 30 
TO 35 DEGBEE3 ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-28 j. .-PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*13.75 DEGREE BODY FLAP DEFLECTION FROM 35 

TO 42.5 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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P'GURE 3-i8k .* PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*13.73 DEGREE BODY FLAP DEFLECTION FROM -10 

TO -5 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FIGURE 3-231 ; PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*13.75 DEGREE BODY FLAP DEFLECTION FROM -9 

TO 0 DEGREES ANGLE OF ATTACKS PITCHING MOMENT 
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MOMENTUM RATIO 


FIGURE 3.23m : PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 
*13.75 DEGREE BODY FLAP DEFLECTION FROM 30 

TO 36 DEGREES ANGLE OF ATTACK} PITCHING MOMENT 
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MOMENTUM RATIO 


naURE 3-298. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE 2 LEVON DEFLECTION FROM -10 
TO -5 DECREES .INGLE OF ATTACK AI3AL FORGE 
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FIGURE 3-29b. . r-ITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE E LEVON DEFLECTION FROM -5 
TO 0 DEGREES ANGLE OF ATTACK a'CaL FORCE 
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MOMENTUM RATIO 


FIGURE 3-290. 


FITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-SO DEGREE ELEVON DEFLECTION FROM 0 

TO 5 DEGREES ANGLE OF ATTACK; AXIAL FORCE 



FIGURE 3-29d. •. PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM S 
TO 10 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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MOMENTUM RATIO 


HGUBE 3-29e. . prrCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 10 
TO 15 DEGREES ANGLE OF ATTACK ; AXIAL FORCE 



MOMENTUM RATIO 


FIGURE 3-20 £. . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 15 
TO 20 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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.IGUBE 3-29j. . PTTCH DOWN PCS INCREMENTAL EFFECTS DDE TO 

-30 DEGREE ELEVON DEFLECTION FROM 20 
TO 23 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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MOMENTUM RATIO 


FIGURE 3-29 • PTTCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 23 
TO 30 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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: PTTCH DOWN RCS INCREMENTAL EFFECTS bUE TO 
-30 DEGREE ELEVON DEFLECTION FROM 30 
TO 35 DEGREES ANGLE OF ATTACK; AXIAL FORCE 



: FITCH DOWN RCS INCREMENTAL EFFECTS DUS TO 
-30 DEGREE ELEVON DEFLECTION FROM 35 
T042.5DEGHEES ANGLE OF ATTACK; AXIAL FORCE 


FIGURE 3-29 j. 
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MOMENTUM 3ATI0 

FIGURE 3-30a. PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 


-30 DEGREE ELEVON DEFLECTION FROM -10 

TO -8 DECREES ANGLE OF ATTACK ; NORMAL FORCE 
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MOMENTUM RATIO 

FIGURE 3-30 b. • PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-30 DEGREE ELEVON DEFLECTION FROM -5 
TO 0 DEGREES ANGLE OF ATTACK . NORMAL FORCE 
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MOMENTUM RATIO 


FIGURE 3-30c. . prTCH SOW RCS INCREMENTAL EFFECTS DCS TO 

-30 DEGREE ELSVGN DEFLECTION FROM 0 
TO 3 DEGRESS ANGLE OF ATTACK t NORMAL FORCI 
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FIGURE 3-3IM 
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FIGURE 3-30e. ; PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE SL2VON DEFLECTION FROM 10 
TO 15 DEGREES ANGLE OF ATTACK . NORMAL FORCE 
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MOMENTUM RATIO 


FIGURE 3-30f. . prrCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 15 
TO '20 DEGREES ANGLE OF ATTACK ; NORMAL FORCE 


3-196 









51 ItJTKIi U TI«t,i 































<;.’6d-nsc-??-.)03 


SYMBOLS NOZZLE NUMBER TEST NUMBER 



FIGURE 3-32 a. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-30 DEGREE E LEVON DEFLECTION FROM -10 
TO -5 DEGREE ANGLE OF ATTACK ROLLING MOMENT 



MOMENTUM RATIO 


FIGURE 3-32 b. . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-30 DEGREE ELEVON DEFLECTION FROM -3 
TO 0 DEGREES ANGLE OF ATTACK ; ROLLEIG MOMENT 



MOMENTUM RATIO 


FIGURE 3-32o. ; PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 0 
TO a DEGREES ANGLE OF ATTACK; ROLLING MOMENT 


3-204 





SYMBOLS 

NOR RLE NUM3ER 

TEST :: 

'UMBER 

J 


MA 

)C\ 

'< 

NTO 

MA 

MW 

3 

NS3 

MA 






FIGURE 3-32 d. : PITCH DOWN HCS INCREMENTAL EFFECTS DUE TO 

-33 DEGREE ELEVON DEFLECTION FROM 3 
TO 10 DEGREES ANGLE OF ATTACH . ROLLING MOMENT 



MOMENTUM RATIO 


FIGURE 3-32e. : PITCH DOWN RCS INCREMENTAL EFFECTS DCS TO 

-30 DEGREE ELEVON DEFLECTION FROM 10 
TO IS DEGREES ANGLE OF ATTACK ; ROLLING MOMENT 



MOMENTUM RATIO 


FIGURE 3-32f. • PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 15 
TO 20 DEGREES ANGLE OF ATTACK . ROLLING MOMENT 
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HGURE 3-32 j. i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
-30 DEGREE ELEVON DEFLECTION PROM 35 
TO 42.5 DEGREES ANGLE OP ATTACK ; ROLLING MOMENT 
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MOMENTUM RATIO 


s PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
HO DEGREE ELEVON DEFLECTION FROM -10 
TO -5 DEGREES ANGLE OF ATTACK! AXIAL FORCE 



MOMENTUM RATIO 


i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM -5 
TO 0 DEGREES ANGLE OF ATTACK! AXIAL FORCE 
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FIGURE 3-33o, s PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 0 
TO 3 DEGREES ANGLE OF ATTACK,- AXIAL FORCE 



FIGURE 3-33J. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 3 
TO 10 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-33 a. 


i PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM 10 
TO IS DEGREES ANGLE OF ATTACK! AXIAL FORCE 
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FIGURE 3-33 f. . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 15 
TO 20 DEGREES ANGLE OF ATTACK: AXIAL FORCE 
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MOMENTUM RATIO 


:E 3*33 g, . PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM 
TO 25 DEGREES ANGLE OF ATTACK! AXIAL FORCE 



FIGURE 2-13 h. : FITCK DOWN RCS INCREMENTAL EFFECTS DUE TO 
-IP DEGREE ELEVON DEFLECTION FROM 30 
TO 25 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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HCUHS 3-33 1. . pncH DOWN RCS INCREMENTAL EFFECTS DOE TO 

*10 DEGREE ELEVON DEFLECTION FROM 30 
TO 35 DEGREES ANGLE OF ATTACK; AXIAL FORCE 



FIGURE 3-33 j. • PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 35 
TO 42.3 DEGREES ANGLE OF ATTACK; AXIAL FCRCS 
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FIGURE 3-34a. i PITCH DOWN RCS INCREMENTAL EFTECT3 DUE TO 
*10 DEGREE E LEVON DEFLECTION FROM -10 
TO -5 DEGREES ANGLE OF ATTACK: NORMAL FORCE 
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MOMENTUM RATIO 


FIGURE 3-34b. 


: PITCH DOWN RCS INCREMENTAL EFFECTS DUS TO 
*10 DEGREE OLE VON DEFLECTION FROM 
TO 0 DEGRESS ANGLE OF ATTACK; NORMAL FORCE 
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MOMENTUM RATIO 


7IGURE 3-34c. ! PITCH DOWN RCS INCREMENTAL E7TECTS DUE TO 

*10 DEGREE ELEVON DE 7 LECTION FROM 0 
TO ti DEGREES ANGLE 07 ATTACK,' NORMAL 70RCS 
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FIGURE 3-34J. : PITCH DOWN RCS INCREMENTAL E77ECTS DUE TO 

*10 DEGREE ELEVON DEE LECTION 7R0M 3 

TO 10 DEGREES ANGLE 07 ATTACK: NORMAL 7CRCS 


3-214 



CASD-\'SC-T%W3 


SYMBOLS 

0 

X 

□ 


NOZZLE NUMBER 

N4I 

NTS 

NO 


TEST NUMBER 

MR 33 
MR 33 
UK 33 


.lit 

z 
2 
!; 
w 

X •* 


Ml ■*«# 


X 

4 


1, * *10, 5 g r ■ 0 


: ! : i 

: \ | 1 J 


! i 

! 1 j - 

! ... .. . , 

1 

; ; .... 

i i i i 


1 : 

f ; i: ! j ! 


i ! J 

! i ... ; .. 1 1 1 

L <*12 ! ! ! : 

! t ! i ! 

l . - 1 i - 0 CORRELATION 1... 

1" ■ i / . 1 

I 

J •. 


-.on 


t / 




MffJjj 


. Mt u««<t Tt . 


LEAST SQUARE CURVE FIT OF DATA 


i r i * i i ; ; : ’ 

i ; M 1 1 ; 

; - - | - 1- - ; 

1 ! . ! 1 ! 

i i i i 

.i *" — nsm — 1 — :uu .1 

41 ".Mi .lilt t! 


MOMENTUM RATIO 


FIGURE 3-34 «. , PITCH DOWN RC3 INCREMENTAL -EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM 10 
TO 15 DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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FIGURE 3-34 f. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM 15 
TO 20 DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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MOMENTUM RATIO 


URE 3-34, i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 20 
TO 25 DEGREES ANGLE OT ATTACH) NORMAL FORCE 
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FIGURE 3-34h. i PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 25 
TO 30 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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MOMENTUM RATIO 


FIGURE 3-341. prTCH DOWN RCS INCREMENTAL EFFECTS DUX TO 
*10 DEGREE E LEV ON DEFLECTION FROM 30 
TO 35 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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MOMENTUM RATIO 


FIGURE 3-34J. : FITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVOS DEFLECTION FROM 33 
TO 42.3 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-33 a. : PITCH DOWN ECS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE E LEVON DEFLECTION FROM -10 
TO -* DEGREES ANGLE OF ATTACK: PITCHING MOMENT 
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FIGURE 3-35 b. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM -3 
TO 0 DEGREES ANGLE OF ATTACK: PITCHING MOMENT 
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MOMENTUM RATIO 


3-3So. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+10 DEGREE ELEVON DEFLECTION FROM 0 
TO 5 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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MOMENTUM RATIO 


FIGURE 3-33J. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

'TO DEGREE ELEVON DEFLECTION FROM 3 
TO 10 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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MOMENTUM RATIO 


FIGURE 3-35e. » PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+X0 DEGREE ELEVON DEFLECTION FROM 10 
TO IS DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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MOMENTUM RATIO 


FIGURE 3-35 f s PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 15 
TO 20 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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MOMENTUM RATIO 


FIGURE 3-35 g, ■ PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 20 
TO 25 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 



MOMENTUM RATIO 


FIGURE 3-35h. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 25 
TO 30 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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MOMENTUM RATIO 


3-351. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+10 DEGREE ELEVON DEFLECTION FROM 30 
TO 35 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 



FIGURE 3-35 j. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 35 
TO 42.5 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 


3-222 



CASD-N'SC-H-003 


moots nozzle number test number 

0 N49 MA 22 

X N79 MA 32 

□ NI3 MA 22 


5, » *10, 5j, « 0 



FIGURE 3-36 a. s PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEELECTION FROM -10 
TO -9 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-36b. s PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM -5 
TO 0 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-36o. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELZVON DEFLECTION FROM 0 
TO 5 DEGREES ANGLE OF ATTACK: ROLLING MOMENT 
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FIGURE 3-3(5 d, : PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 
*10 DEGREE ELEVON DEFLECTION FROM 5 
TO 10 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 



FIGURE 3-36« : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 10 
TO IS DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-36 f. 


PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+10 DEGREE ELEVON DEFLECTION FROM 15 

TO 20 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-38?, : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 

+10 DEGREE ELEVON DEFLECTION FROM 20 
TO 25 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-:jflh. ; PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 25 
TO 30 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 



FIGURE 3-36 i. : PITCH DOWN RCS INCREMENTAL EFFECTS DUE TO 
+10 DEGREE ELEVON DEFLECTION FROM 30 
TO 35 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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MOMENTUM RATIO 


FIGURE 3-38 j. : PITCH DOWN RC3 INCREMENTAL EFFECTS DUE TO 
*10 DEGBEE ELEVON DEFLECTION FROM 35 
TO 42.5 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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MASS FLOW RATIO 


i TAW RCS INCREMENTAL EFFECTS DUE TO 
-30 DEGREE ELEVON DEFLECTION FROM -10 TO 

-S DEGREES ANGLE OF ATTACK* AXIAL FORCE 
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FIGURE 3-37 b. : TAW RCS INCREMENTAL EFFECTS DOE TO 

-30 DEGREE ELEVON DEFLECTION FROM -5 TO 

0 DEGREES ANGLE OF ATTACK; AXIAL FORCE 


3-227 



INTERACTION „ A INTERACTION 


C.VSD-.VSC- 




symbols 


NOZZLE NUMBER TXST NUMBER 


0 Nil MA 23 

□ NIB MA 23 


5 f * «S0, * 0 



•TCURE 3-37C. 


; TAW SOS INCREMENTAL EFFECTS DUE TO 
-30 DECREE ELEVON DEFLECTION FROM 0 TO 
5 DEGREES ANGLE OF ATTACKj AXIAL FORCE 



FIGURE 3-37d. : YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 5 TO 

10 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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HASS FLOW RATIO 


FIGURE 2-37*. J YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 10 TO 
IS DEGREES ANGLE OF ATTACK,- AXIAL FORCE 



FIGURE 3-3? f. f YAW RCS INCREMENTAL. EFFECTS DUE TO 

-30 DEGREE SLEVON DEFLECTION FROM 15 TO 
SO DEGREES ANGLE OF ATTACK; AXIAL FORCE 


3-229 



INTERACTION g A INTERACTION 


CASD*SSC-7?..|iJ3 


SYMBOLS 

0 

□ 


NOZZLE NUMBER 

MSI 

MSS 


TEST NUMBER 

MA 31 
HA 31 


5* ■ -30, Igy » 0 



CUBE 3-3"j, 


i YAW ECS XMCEE MENTAL EFFECT! DUE TO 
-30 DEGEES ELEVON DEELECTION FROM 20 TO 

25 DEGREES ANGLE OF ATTACK* AXIAL FORCE 
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MASS FLOW RATIO 


FIGURE 3-3?h. • YAW ECS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 25 TO 

30 DEGREES ANGLE OF ATTACK* AXIAL FORCE 
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i YAW RCS INCREMENTAL EFFECTS DCS TO 
-30 DEGREE ELEVON DEFLECTION FROM 30 TO 
38 DEGREES ANGLE OF ATTACKi .. ,TAL FORCE 



MASS FLOW RATIO 


: YAW RCS INCREMENTAL EFFECTS DCS TO 
-30 DEGREE ELEVON DEFLECTION FROM 38 TO 
43.3 DEGREES ANGLE vF ATTACK. AXIAL FORCE 


3-231 



NOUCIVB3JLNI NOI.U>VB32HI 


CA3D-NSC-77-O03 


SYMBOLS 

0 

□ 


NOZZLE NUMBER TIST HUMBER 


NS1 

NS8 


MA 23 
MA 23 


• -SO, * 0 


,910 1 


.3401 


l za. 


7777 , 

WM-iwn fmmmm 






-LEAST SQUARE CURVE FIT OF DATA . 




1 ^ ^ , * * ** * *^****»^»» ^* » * a» »»«♦«» •T^uiT^rri'rriTnTr^^T 




•.uol 







J*0 CORRELATION 


T3I53" .3499 

MOMENTUM RATIO 


1499 


FIGURE 3-38a. ! TAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM ' -10 TO 

-5 DEGREES ANGLE OF ATTACK* NORMAL FORCE 



FIGURE 3-3Sb. : TAW RCS INCREMENTAL EFFECTS I’GE TO 

-30 DEGREE ELEVON DEFLECTION FROM -5 TO 

0 DEGREES ANGLE OF ATTACK! NORMAL FORCE 
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HASS FLOW RATIO 

FIGURE 3-330. ! YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE elevon DEFLECTION FROM 0 TO 

3 DEGREES ANGLE OF ATTACK; NORMAL FORCE 



FIGURE 3-38d. i YAW ..CS INCREMENTAL EFFECTS DUE TO 

-30 DE jREE ELEVON DEFLECTION FROM 5 TO 

10 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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i YAW RCS INCREMENTAL EFFECTS DUE TO ‘ 

-30 DEGREE ELEVON DEFLECTION FROM 10 TO 

15 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-38 f. , Y AW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 15 TO 

20 DEGREES ANGLE OF ATTACK; NORMAL FORCE 


3-234 




INTERACTION 4C N INTERACTION 


CASD-.VSC-77.a03 


SYMBOLS 


NOZZLE NUMBER TEST NUMBER 


0 N61 MA 22 

□ NSS MA 22 


5 # • -30 igy » 0 



FIGURE 3-38 j. ! YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 20 TO 

' 25 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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MASS FLOW RATIO 


FIGURE 3-38 h. : YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 35 TO 

30 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-3S i. . Y AW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 30 TO 

35 DEGREES ANGLE OF ATTACK: NORMAL FORCE 
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MASS FLOW RATIO 


FIGURE 3-33 j. : YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 35 TO 

42.5 DEGREES ANGLE OF ATTACK: NORMAL FORCE 
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MASS FLOW RATIO 


FIGURE 3-390. . YAW RCS INCREMENTAL EFFECTS DUE TO 

DEGREE ELEVON DEFLECTION FROM 0 TO 

5 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 



FIGURE 3-39d. : YAW RCS INCREMENTAL EFFECTS DUE TO 

_ DEGREE ELEVON DEFLECTION FROM 3 TO 

10 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FICURE 3-39«. , YAWRC3 INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 10 TO 

IS DEGREES ANGLE OF ATTACK! PITCHING MOMENT 



FIGURE 3-391. : YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION ROM 15 TO 

20 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FIGURE 3-3S ? i YAW RCS INCREMENTAL EFFECTS DUE TO 

' -30 DEGREE ELEVON DEFLECTION FROM 20 TO 

25 DEGREES ANGLE OF ATTACK! PITCHING MOMENT 
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FIGURE 3-39 h. • YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 25 TO 

30 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FIGURE 3-391. : YAW RC3 INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 30 TO 

35 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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FIGURE 3-39). : YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 35 7C 

42.5 DEGREES ANGLE OF ATTACK; PITCHING MOMENT 
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MASS FLOW RATIO 


FIGURE 3-40#. i YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM -10 TO 
~ -« ' DEGREES ANGLE OF ATTACK; ROLLING MOMENT 



FIGURE 3 -40b. s YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM -5 TO 

0 DEGREES ANGLE OF ATTACK* ROLLING MOMENT 
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MASS FLOW RATIO 


FIGURE 3 -40 c. . YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 0 TO 

3 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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MASS FLOW RATIO 


FIGURE 3-40 d. j VAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 5 TO 

10 DEGREES ANGLE OF ATTACK! ROLLING MOMENT 



FIGURE 3-W*-. . VAW Rcs INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 10 TO 

13 DEGREES ANGLE OF ATTACK! ROLLING MOMENT 



FIGURE 3— !0t. • VAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 13 TO 

20 DEGREES .-.NGLS OF ATTACK: ROLLING MOMENT 
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FIGURE 3-40*. i TAW BC3 INCREMENTAL EFFECTS DOE TO 

-30 DEGREE ELEVON DEFLECTION FROM 80 TO 

26 ' : TRIES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-40 h. : YAW RCS INCREMENTAL EFFECTS DDE TO 

-30 DEGREE ELEVON DEFLECTION FROM 25 TO 

30 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-401. . YAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVON DEFLECTION FROM 30 TO 

35 DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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FIGURE 3-40 j, 9 TAW RCS INCREMENTAL EFFECTS DUE TO 

-30 DEGREE ELEVGN DEFLECTION FROM 38 TO 

42. S DEGREES ANGLE OF ATTACK; ROLLING MOMENT 
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l YAW RC3 INCREMENTAL EFFECTS DUE TO 
♦10 DEGREE ELEVON DEFLECTION FROM . -10 TO 
-6 DEGREES ANGLE OF ATTACK! AXIAL FORCE 
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FIGURE 3-41 b. , yAW EC? INCREMENTAL EFFECTS DUE TO 

♦10 DEGREE ELEVON DEFLECTION FROM -5 TO 

0 DEGREES ANGLi OF ATTACK; AXIAL FORCE 
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FIGURE 3-41 e. , YAW RCS INCREMENTAL EFFECTS DUE TO 

+10 DEGREE E LEVON DEFLECTION FROM 0 TO 
5 DEGREES ANGLE OF ATTACK: AXIAL FORCE 



FIGURE 3-41 d. . YAW RCS INCREMENTAL EFFECTS DUE TO 

+10 DEGREE ELEVON DEFLECTION FROM 5 TO 
10 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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i YAW RC3 INCREMENTAL EFFECTS DUE TO 
HO DEGREE E LEVON DEFLECTION FROM 10 TO 
XS DEGREES ANGLE OF ATTACKS AXIAL FORCE 
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FIGURE 3-41 f. . YAW RCS INCREMENTAL EFFECTS DUE TO 
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FIGURE 3-41h. • YAW RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 25 TO 
30 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3—111. : YAW RCS INCREMENTAL EFFECTS DUE TO 

DEGREE ELEVON DEFLECTION FROM 30 TO 
35 DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-41 j . ; YAW RCS INCREMENTAL EFFECTS DUE TO 

DEGREE ELEVON DEFLECTION FROM 35 TO 
42.o DEGREES ANGLE OF ATTACK; AXIAL FORCE 
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FIGURE 3-42d. . YAW RCS INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 5 TO 

10 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-42 f. . -^W RCS INCREMENTAL EFFECTS DUE TO 

-10 DEGREE ELEVON DEFLECTION FROM 15 TO 
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FIGURE 3-42h. . YAW RC3 INCREMENTAL EFFECTS DUE TO 

*10 DEGREE ELEVON DEFLECTION FROM 25 TO 

30 DEGREES ANGLE OF ATTACK; NORMAL FORCE 
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FIGURE 3-43 f. . YAW RCS INCREMENTAL EFFECTS DOT TO 

*10 DEGREE ELEVON DEFLECTION FROM 15 TO 
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4 

ANALYTIC MODEL DEVELOPMENT 
4. 1 GENERAL DESCRIPTION 

The analytic model was initially developed and reported in Reference 3. The data 
analysis described in Section 3 refines the basic model in a number of ways but 
the basic approach remains the same, hi general the total control effectiveness 
of a given control is defined as the sum of a number of parts as shown in Equation 1. 

C «C +C +C +C 

M M M M M 

total thrust * impingement interaction * cross coupling (1) 


where 

C„, = RCS force or moment component 
M 

and the resulting control effectiveness called control amplification is defined as 
an amplification factor which is the total control moment divided by the thrust 
moment 



“ C 


“Total 


/C 


M 


thrust 


( 2 ) 


where 

= RCS force or moment amplification factor 

In addition to the effects in the thrust direction, the RCS controls induce out of 
plane forces and moments which are the sum of some terms given in Equation 1. 
The data of Section 3 showed that each time any reaction control thruster is fired 
measurable aerodynamic interactions occur in all 6 force and moment components 
which change the total effect on the vehicle. The 6 aerodynamic forces and moment 
components induced by either interaction or impingement must be added together 
on each axis to determine the total value of the induced moments. 

The data was obtained and correlated in a normal force (C^) - axial force (C^) 
body axis system. The analytic model, however, has converted these coefficients 
to a true body axis system as shown in Figure 4-1 where the vertical force is 
C z and longitudinal force is given as Cx which are positive in the directions shown 
in this figure. 

One basic assumption which relates to all parts of the reaction control system 
model is that if a discharge coefficient is defined it is always applied to the nozzle 
chamber pressure as a correction as given in Section 2 Equation 4, 
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The components of thrust used In Equations 1 and 2 are computed using the 
reaction control system nozzle geometry, operating characteristics, its 
location relative to the vehicle reference moment center, and the mounting 
angles of the nozzle relative to the vehicle axis system. 

The thrust was computed as 
T * n n ^ P °j ^T 

where 



Thrust of cluster 

Number of nozzles firing in a cluster 
C D P Q j 51 Effective chamber pressure 
Nozzle discharge coefficient (Section 2, Equation 3) 
Nozzle chamber pressure y 
y i - 1 

PN = P 0 j (i + 2 

Pjj * Pressure at nozzle 

y j * Nozzle gas specific 

P a * Ambient pressure 

A»p = Nozzle throat area 

A^ * Nozzle exit area 


Mj 2 ) 

exit 

heat ratio 


y -i 



(4) 


and thrust coefficient as 

T 

C T = q S ref 


(5) 


where 

q « Freestream dynamic pressure 

S , = Reference (wing) area 

ref 

4. 2 INTERACTION COMPONENTS 
4. 2. 1 Zero Deflection Computations 

Tables 3-1 to 3- 22 present the coefficients for the zero control deflection 
curve fit equations. The equations are evaluated in the form: 
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AC M ** 0 +a l X+a 2 ^ +a 3 x3 


< 6 ) 


where 

ACj^ * Any RCS interaction force or moment coefficient 
a o t° a 3 * Curve fit coefficients 


x * Independent parameter for force or moment 
being fitted 

In addition to the coefficients of the fit, each table has a specified minimum and 
maximum value of the independent variable. These values are used to limit 
tiie range of extrapolation of the curve fit and if x is greater than x max then 
x m ax is used to compute the interaction and the same is true on the 
minimum value. These maximum and minimum values were chosen as 
maximum or minimum points of the curve fit equations if such occur hi or 
near the measured data range. If there are no maximum or minimum points the 
limits are generally set to the limits of the measured data range. 

Each curve fit expression was developed for a given range of angle of attack 
which was usually a 5 degree interval. The question of how to treat different 
angles of attack within a given interval was treated by assuming that the curve 
fit represents the best fit for the angle of attack in the middle of the interval 
and linear interpolation is performed for other angles between curve fits. 

For example if a * 15* 


15 - 12.5 


A CM is ’^ C Ml2.5 +(ACm 17.5 " AC Ml2.5> TT!": 


12.5 


(7) 


where 



= RCS interaction at 15 degrees 


AC T . n = RCS interaction curve fit result at 12.5 degrees 

AVA 12, 5 


AC 


M 


17.5 


= RCS interaction curve fit result at 17.5 degrees 


The data was obtained in 5 degree increments at the higher angles of attack and 
this fitting of data at the mid-points of such intervals meant that 2 sets of data 
were incorporated into each fit increasing the sample size for the fit. This 
approach also results in smoother interpolation between angles of attack since 
each angle of attack sample was used in two fits one above and one below the 
nominal measured angle. No extrapolation for angle is made above the midpoint 
of the last interval (37. 5°) but extrapolations are mad© below the midpoint of 
the lowest interval. 
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4. 2. 2 Control Deflection Correction* 

Table* 3-23 to 3-38 give the coefficients for the corrections to the interaction 
term* generated in Section 3. Control deflection curves were generated a* the 
difference between the zero deflection curve fit and a curve fit through the data 
with the control deflected. Thus, the equation 1* „ , 

/ia_f / 6 bf 

AC M *A c M«,„ 0 * 4C M8,\ 4 . REFi ) + 4 C M«b F \ a BF., EF 



where 

AC M * RCS interaction force or moment 

ACm, ■ RCS interaction correction for zero control deflection 

oe-0 

ACm$ 0 * RCS interaction correction for elevon deflection 


ACm Sbf 


RCS interaction correction for body flap deflection 


«e 

5BF 

5 «ref 


6BF 


REF 


Elevon deflection 
Body flap deflection 

+10* or -30 # ‘depending on sign of 6 e 
+13. 75 # or -14. 25° depending on sign of 


«BF 


The ratio of elevon angle and body flap angle to reference conditions is needed 
to account for angles other than those tested which are the reference angles 
listed above. The . 75 power shape of the interpolation for angle is based 
largely on jet-off data of elevator effectiveness such as Figure 4-2 which shows 
that the elevator effect is nonlinear. 


4. 3 INTERACTION CROSS COUPLING COMPONENTS 

The present model of interaction has eliminated all cross-coupling interactions, 
between RC£3 units except for the symmetric down firing RCS case. This 
correction was also generated as a difference in curve fits between the one side 
firing data and the symmetric case so that the effect of each side alone is 
computed and then the cross -coupling correction added separately. 

The case of 2 nonequal numbers of down firing nozzles being used is taken into 
account by using the average momentum ratio between the sides to compute the 
correction. 
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4. 4 PLUME IMPINGEMENT INCREMENTS 

Figure 2-4 showed a view of the space shuttle orhiter which emphasizes the 
closeness of the rear RCS packages to the base area of the vehicle. It is 
evident that the aft RCS engines may impinge on the vehicle wing, vertical tall, 
bcdy flap, main propulsion engine nozzles, and possible fuselage sides, depend- 
ing on the nozzle set fired and on the altitude and other flight conditions affecting 
plume size. Reference 3 showed that plume impingement was a sizeable term 
in the earlier analytic model while Reference 7 shows the same for the present 
configuration based on a vacuum chamber test (Rockwell Test OA99) and 
impingement predictions for the vacuum case. 

Two models of plume impingement were developed for the earlier analytic model 
of Reference 3 and have been refined for this updated model. Both are included 
in the prediction computer program presented in Section 5. The first model was 
developed from the OA99 vacuum chamber test and rep 'sents fits of measured 
impingement test data. It is limited in that control deflection effects are not 
included nor are free-stream effects on the plume. The second is an analytic 
prediction technique which computes impingement forces on a flat plate representa- 
tion of the vehicle using a simple plume model to generate the local plume flow 
characteristics on each plate. It can handle control surface deflection but is 
limited in accuracy by the number of plates used and free stream distortion of 
the plume is only approximated. 

4.4.1 Vacuum Test Data Model 

The first model developed is based on the assumption that the range of interest 
of flight conditions for full scale RCS estimation is sufficiently close to the 
vacuum case that the test data amplification factors from test OA99 reported in 
Reference 7 can be used directly from the thrust and thrust moments. Con- 
verting the data into coefficient form, the impingement increments from the 
pitch up jets are given in Equations 9 to 14 in body axis form; 


AC Z 

= .00086 

QF 

O) 

X 

o 

<1 

- . 00266 C Xpo 

QF 

(10) 

ac y 

* . 06238 Ct pu 

QF 

(11) 

1> 

O 

3 

= -.00078 C Tpu 

£EIL QF 
S 

(12) 

AC n 

= . 0593 C T 

1 PU 

fa- qf 

B ref 

(13) 

AC, 

= -.13 C T 

Y PU OF 

(14) 

* 

PU 

®ref 
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where 

C Tpu * ' t0 “ l thru,t ° f ^ «P “**“»>/<« (15) 

Xpy * X location of clutter relative to moment center 

Y pu * Y location of cluster relative to moment center 

QF « (1 (16) 

q * Free stream dynamic pressure in PSF 

The QF factor defined in Equation 16 was added to the vacuum model as an 
empirical approximation of the decay in Impingement due to increasing flight 
dynamic pressure during entry. The 20 PSF cut off was developed from the 
predictions of Reference 3 using the analytic model which showed no impingement 
at dynamic pressures higher than that. All signs shown in these equations reflect 
in RCS unit being fired on the left side of the vehicle and X, Y and Z distances 
are negative numbers. 

The pitch down reaction control jet Impingement increments are given by 
Equation 17 to 22 where QF comes from Equation 16. 


N 

O 

<1 

« . 27389 C T „ QF 
X PD 

(17) 

AC x 

- . 10709 C T QF 

t *d 

(18) 

ACy 

* . 00077 C T QF 

P D 

(19) 

AC m 

Xp n 

* 00873 C X p D v QF 

(20) 

AC n 

» . 0013 C T — lA. QF 

Tp D B ref 

(21) 

AC i 

!2pn 

003477 Cr n - Q F 

P D B ret 

(22) 


= Total pitch down thrust coefficient of cluster 

= X location of pitch down RCS cluster relative to moment center 
* Y location of pitch down RCS cluster relative to moment center 


where 



Xp D 

Zp D 
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The yaw reaction control Impingement equations are: 


ACZ 

» . 01634 C Ty QF 

(23) 

AC X 

- . 00288 C Ty QF 

(24) 

ACy 

■ . 00077 Cx Y QF 

(25) 

AC m 

Xy 

« -.00873 C Tv QF 

* C 

(26) 


AC n 

AC* 


0013 ClTI — ■ Turn 
t Y Bre, 


QF 


03477 C Ty — Q f 


(27) 

(28) 


where 

C T ^ * Total yaw BCS thrust coefficient of engines in cluster 
Xy * X location of yaw thruster cluster relative to moment center 

Z Y 3 2 location of yaw thruster cluster relative to moment center 


This model could not account for the difference in impingement due to nozzle 
geometry changes in the wind tunnel data and was not used to make the impinge- 
ment corrections in that data. Because of this another model was developed 
to analytically predict the impingement components in the wind-tunnel data and 
to correct for it when deriving the interaction components. 


4.4.2 Analytic Plume Impingement Model 

The plume impingement model developed in Reference 3 and which was refined 
for this expanded analysis of the wind tunnel data consists of 4 parts which are 

a) Equivalent nozzle plume centerline decay model 

b) Off-center line shape 

c) Plume pressure model 

d) Surface pressure integration 

This discussion will concentrate primarily on the changes to that model. 
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4. 4. 2. 1 Equivalent Nozzle Plume Centerline Decay Model 

The plume model developed in Reference 3 used a vacuum plume source 
flow approximation for the nozzle density distribution far from the nozzle: 


where: 

X * Distance from nozzle exit 
d* * Nozzle throat diameter 

f ( 0 ) » Off-centerline model 


where the constant B was shown to be principally a function of plume limiting 
turning angle. 

. (1.24 - .0040894 9 oo) 

2 y* (1-cos 9c.) (30) 


where 


■ Jet exhaust plume gas specific heat ratio 

■ plume limiting turning angle at nozzle 


A cluster of more than one nozzle firing was treated by an equivalent nozzle 
approach in which the throat diameter (d*) was computed from the sum of the 
throat areas of the nozzles in operation. 

Examination of the test data shown in Reference 3 shows that the impingement 
appeared to be over-predicted at the higher nozzle pressures and the Mach 6 
data analysis confirmed this. A re-examination of the plume model resulted 
in a change in the expression of the constant B which became 

(.99 - .000016 0» ) 

B * (3 

2y (1 - cos 0» ) 

The equivalent nozzle assumption also appeared not to work well for a line of 
nozzles lying in a stream-wise direction. 

A modified equivalent nozzle definition was chosen such that 
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dj m/± A* vTSTn 
o r n 


where 


d* * Equivalent nozzle throat diameter 

6 

A* ■ Single nozzle throat area 

Njj * Number of nozzles operating in a cluster 


( 32 ) 


4. 4. 2. 2 Off -Centerline Plume Shape 

The plume characteristics off the centerline of the nozzle were modeled in 
Beferenoe 3 using Simon's model which defined f (0 ) in Equation 29 as: 


f(0) *cos 10 (1T0/25O): 0 <0 < 60' 
f ( 0 ) - 0. 0438 (e"°* 064 (9 ” 60#) ) . 60° < 


(33) 

(34) 


where 

0 is angle from nozzle centerline in degrees 

Reduction of the wind tunnel data showed that the plume limiting turning angle 
(Q m ) did not in a number of cases exceed 60 degrees, so a correction was 
generated to the fixed 60 degree limitation given for the vacuum model 

i n 

f (0) = cos (170 /250) for 0 < 0 < 0 1 (35) 


f( 0 ) * 0. 0438 (e"‘ 064 ( 9 ” * for 0 ' < 0 

0' = .8 0 for 0< 0 < 60° 

JO co 


0' * 60 for 60° < 0 

eo 

where 6 m = plume limit turning angle 
4. 4. 2. 3 Plume Impingement Limits 


(36) 

(37) 

(38) 


The plume is assumed to stop in all cases when it will no longer interact 
with the external stream. This condition is computed as the condition where 
the 


(P + q ) 


plume 


* (P* + q*) 


(39) 
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local values of ambient pressure and dynamic pressure in the plume equal 
those of the free -stream. The effect of this limiting condition is most 
apparent for the plume exhausting upward past the fin (pitch up RCS) and 
outboard over the wing (yaw RCS) in terminating the plume before the most 
distant plates are reached. As dynamic pressure increases, this limit 
reduces the plume to the point where it no longer impinges on any surface 
and impingement ceases. As the vacuum case is approached, the limit 
disappears and only the plates not exposed to the plume see no impingement. 

A further check on this limit is made in computation of impingement pressure 
coefficients. If the impingement pressure is less than free stream ambient, 
the plume is terminated and zero pressure coefficient is assumed. 

4. 4. 2. 4 Plume Impingement Forces 

The highly underexpanded flow from the nozzle expands very quickly to high 
Mach numbers at small distances from the exit and this supersonic flow will 
be undistrubed by an impingement surface until it is close to the surface. 

A detached shock wave would be formed by the high Mach number flow imping- 
ing on the surface with a region of subsonic flow between the strong shock and 
the surface where the flow is turned to a direction paralleling the plate. The 
pressure on the surface of the vehicle was assumed to be related only to the 
plume conditions at the point in question and to the local slope between the 
surface at that point and the plume flow vector emanating from the point source 
at the nozzle exit (radial flow approximation). It was also assumed in 
Reference 3 that the surface pressure could be predicted by a modified 
Newtonian pressure law because of the high plume Mach numbers and large 
turning angles. 


P Wi * C P S p ji M2ji cos2 0 i + P 3i (40) 

where 

P w ^ = Plume impingement pressure at ith point on body 
P^ * Plume ambient pressure at point i 
Mjj = Plume Mach number at point i 

0^ = Local slope between plume flow and surface at point i 

y = Plume exhaust gas specific heat ratio 
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'Ps 


y\ +3 

y 3 + 1 


1 - 


(yj +3) Mj 


Lee’s stagnation pressure ... 
approximation 


If the local slope is negative, a limited hypersonic flow expansion law approxi- 
mation from Reference 9 is used: 



_y 

,2436 


Pjj Bln 0 i + P 3l 


(42) 


Here the limiting check on local pressure being less than free-stream will 
terminate the pressure computations before the slope becomes large. 

The local plume impingement pressure is then converted into a pressure 
coefficient related to ambient flight conditions to put it into the same reference 
as the vehicle aerodynamic coefficients and is integrated to obtain vehicle force 
and moment coefficients resulting from impingement. 

The integration of impingement pressures was approximated in the analytic model 
by breaking elements of the vehicle into flat plates of known centroid location, 
area, and local slope, the plume impingement pressures at each point were 
computed, the local force and moment coefficients computed by applying the 
impingement pressure across the area, and the total vehicle values obtained 
by summing the local values. Only one side of the vehicle is represented to 
increase the accuracy by having a larger number of plates which will have 
impingement but to reduce the computation time for plates not affected. 

Reference 3 presented sketches of the plates used in this model. The method 
of computation was revised to keep track of the flat plates representing the 
elevon and body flap and rotation of these around their hinge lines was ar ied 
to account for the effects of control deflection. 

This solution was checked against the OA99 test data and a method of character- 
istics solution in Reference 3 and close agreement was obtained. 

4. 5 ERROR ESTIMATION 

The analysis performed in Section 3 resulted from least square curved 
fits being generated through relatively large numbers of data points. In 
addition to the curve fit coefficients being generated, the root-mean-square 
error of all of the points to the curve fit was generated. When the number 
of points is large it is expected that the RMS error is a good measure of the 
standard deviation of, the data error and these values were retained with each 
curve as the basis for the estimation of the error. 
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Figure 4-1 . Body Axis Sign Convention 
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5 

ANALYTIC COMPUTER PROGRAM 
5. 1 GENERAL DESCRIPTION 

An anlytlc computer prediction model for rear mounted reaction control system 
effectiveness was developed and reported in Reference 3 . This computer program 
was completely revised based on the data correlations of Section 3 and the resulting 
changes to the analytic model discussed in Section 4. 

This digital computer program named PRED will predict reaction control system 
effectiveness on a space shuttle type vehicle for any combination of Rear RCS 
engines firing at any angle of attack and flight condition up to the vacuum case. 
Numbers of RCS Engine, engine size, engine operating conditions, exhaust gas 
properties, and nozzle geometry can be varied as input parameters. Engine 
location on the rear of the vehicle and cant angles can also be varied, however, 
the analytic models were developed from one configuration (Figure 2-1) and large 
departures from these RCS locations will invalidate the models of interaction 
and cross coupling terms. 

Figure 5-1 presents a flow diagram of the program which consists of a main pro- 
gram and 14 subroutines. The program was divided into this large number of 
subroutines so that modification of any part could be more easily accomplished 
without disrupting the whole program. The names of the subroutines are: 


1 . 

INPUTT 

6. 

THR 

11. 

DEFL 

2. 

JET 

7. 

IMPINGE 

12. 

NEWT 

3. 

PARCEO 

8. 

VACPLU 

13. 

CCOUPL 

4. 

ATMOS 

9, 

INTER 

14. 

AMPL 

5. 

EXPAN 

10. 

CUBIC 




The name of the main program is PRED and FORTRAN listings of all parts of the 
program are contained in Appendix A'. Each subroutine will be briefly discussed 
in the sections below with the input subroutine and input key presented last. 

5. 2 MAIN PROGRAM PRED 

Figure 5-1 shows that the function of the main program is to drive the subroutines 
in an orderly fashion first to obtain the input to start the problem, to define the 
equivalent nozzles firing upward, downward, and side ways, to define the flight 
conditions and resulting nozzle flow parameters for a single nozzle and then 
proceed to define the various components of total RCS effectiveness for each set 
of equivalent nozzles fixing up, down, and sideways. The program proceeds to do 
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MAIN PROGRAM SUBROUTINES 



FIGURE 5-1; PRED PROGRAM SCHEMATIC 
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all remaining computations up to 6 times as required in the following order: 

1. Pitch up left side nozzle terms 

2. Pitch up right side nozzle terms 

3. Pitch down left side nozzle terms 

4. Pitch down right side nozzle terms 

5. Yaw left side nozzle terms 

6. Yaw right side nozzle terms 

where the numbers of nozzles and their location in each plane are defined in the 
input. Checks are made for the number of nozzles in each group to avoid the non- 
firing sets and to minimize computation time. The data from the right and left 
sides for each type are summed into total for that type (i. e. , pitch up). The 
cross coupling terms are then determined and all of the components of data are 
summed into the 6 total RCS aerodynamic force and moment coefficients and the 
amplification factors determined. The 2 sigma errors are estimated for each 
component sum and the program returns to the beginning to start the next case. 

All input comes into the program through the IN PUTT subroutine, but the main 
program handles most of the output printing at various stages throughout its length. 

The program is set up to assume all BCS nozzles are on the left side of the vehicle 
when viewed from the rear looking forward in order to standardize the data for the 
impingement calculation and to set the signs of the interaction models. The signs 
of the data for nozzles on the right side of the vehicle are corrected when the right 
and left components are summed for each control axis (1. e. , pitch up). The axis 
system used is a body axis system shown in Figure 4-2 and the component data 
has these designations CX, CY, CZ, CL, CM, CN as the first two letters of the 
variable name where CN refers to yawing moment. Finally where the component 
force or moment is derived from is specified by the two middle letters of the 
variable names and IM is an impingement force or moment component, IN is an 
component, and CC is a cross-coupling component. The thrust terms have no 
component designation and thus are 3 letter variable names while the others are 
5 letter names. The RCS directions are designated by the last letter of a variable 
name in the listing, where upward firing has a U as the last letter, downward 
firing is designated by a D as the last letter, and side firing designated by a Y 
as the last letter. The program always assumes that there are some upward, 
downward, and side firing nozzles in each problem so that all of the components 
are computed for all three sets before the summation of terms is made. 

A typical example of a variable name is CMIMU which is the pitching moment 
induced by plume impingement of the upward firing nozzles. Figure 5-2 shows that 
the program assumes that a downward firing set, an upward firing set, and a side 
firing set exist for a given problem. A set of nozzles is defined in this program 
as the actual number firing in a given cluster on one side of the vehicle. It is 
not the total number available to fire on one side nor the total number firing on 
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both sides in a symmetric firing case. Six numbers must be Input for each 
colutlon: 

a) NONOZUR * number of nozzles firing In pitch up cluster on right side 

b) NONOZUL * number of nozzles firing in pitch up cluster on left side 

c) NONOZOR * number of nozzles firing in pitch down cluster on right side 

d) NONOZDL * number of nozzle firing in pitch down cluster on left side 

e) NONOZYR * number of nozzles firing In yaw cluster cm right side 

f) NONOZYL * number of nozzles firing in yaw cluster on left side 

The input data required for a first case is all of the data defining the vehicle, RCS 
units, and flight conditions, however, once this has been defined only the parameters 
which are to be changed need be input for additional cases. The data must all be 
input for a full scale vehicle but the program will rescale the solution to any model 
scale if desired. 

The main program computes the mass flow and momentum ratio parameters for 
each set of nozzles and drives the solution through the thrust, impingement, inter- 
action, and cross coupling routines to obtain the individual components of each 
generated by the pitch up nozzles, pitch down nozzles, and yaw nozzles and which 
are printed out. When all of these components are obtained a summation is made 
of the total values of the 6 aerodynamic force and moment coefficients resulting 
from the reaction control system operation and these are printed out. 

Provisions have also been made to estimate the error associated with each of the 
components of the total aerodynamic forces and moments in terms of a standard 
deviation. These then are totaled as for each aerodynamic coefficient as 



where 

ff , = Standard deviation of any aerodynamic 

p C,^ force or moment from an individual nozzle cluster 
M 

o\ . . = Standard deviation of total RCS aerodynamic force 

*° tal c or moment. 

M 

A liir..i J set of amplification factors are computed and printed out and the last 
thing the main program does is to compute and print the 95% (2 cr ) error band of 
each aerodynamic force and moment coefficient, The program then proceeds to 
the next case. 

A general description of each subroutine and its function to the main program will 
now be presented. 
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5. 3 COMPUTE JET EXIT MACH NUMBER (SUBROUTINES JET AND PARCEO) 


After the program has received input defining the reaction control system engine 
in terms of nozzle expansion ratio (A/A*), elective chamber pressure <P'oj) 
chamber temperature (T 0 j)> and exhaust gas specific heat ratio (y ), the subroutine 
JET is called to determine the nozzle exit conditions for this engine. The exit 
conditions are exit Mach Number (Mj), static pressure (Pj) and static temperature 
(Tj). 


Exit Mach number is computed by solving the Prandtl Meyer expansion ratio Mach 

number relationship (Ref. 3 ). 

Vi + 1 yj + 1 

2 (rrU / -x „\ 2ly i " (2) 


a/a* * 


Hi 


J 


a 


Mj U +2 


,2 


Jet solves this expression by. computing expansion ratio for increasing jet Mach 
numbers until the correct expansion ratio has been passed saving the last 3 values of 
each. When the correct expansion ratio is passed, JET calls the subroutine 
PARCEO to put a quadratic curve fit through the expansion ratio- jet Mach points 
and PARCEO returns the coefficients of the equation which JET then solves for 
jet Mach number. With jet exit Mach number determined the jet exit static pressure 
and temperature are computed from isontropic flow relations. In addition JET 
computes some constants which are related to specific heat ratio, pressure ratio, 
and thrust from the flow through the nozzle throat for use in later routines. 

Equation 4 in Section 2 defined the effective chamber pressure as the actual 
pressure multiplied by the nozzle discharge coefficient. Since it was desirable 
to compute both wind tunnel results and flight results this correction is used in 
the INPUTT subroutine and all computations based on chamber pressure have 
. this correction in thorn. 

PARCEO is a standard quadratic curve jet routine which will give the coefficients 
for a curve through any 3 sets of points defined in the call statement. The main 
program defines the throat diameters of the single equivalent nozzles for each 
cluster of upward (DSTARUL, DSTARUR) downward, (DSTARDL, DSTARDR), 
and side (DSTARYL, DSTARYR) firing sets and the equivalent nozzle exist area 
(AEXUL, etc. ) before proceeding to the definition of flight conditions. 

5.4 COMPUTE FLIGHT PARAMETERS (SUBROUTINE ATMOS) 

The input subroutine provides data required by the program at this point to define 
the flight conditions in one of four allowable ways defined by an input parameter 
(IOPT) : 
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a) 10 Fr 

b) 10 PT 

c) IOPT 


1 altitude, Mach, and angle of attack specified 

2 altitude, velocity, and angle of attack specified 

3 altitude, freestream dynamic pressure, and angle 
of attack specified 


d) IOPT * 4 Mach, ambient pressure, ambient temperature, 
and angle of attack specified 


The first 3 options require an atmosphere model to define ambient pressure and 
ambient temperature and the program currently contains a subroutine ATMOS 
which provides these data from the 1962 US Standard atmosphere model. The 
fourth option is a means of expressing an arbitrary flight condition from some 
other atmosphere model or for a wind tunnel test. 

Subroutine ATMOS can provide a number of flight parameters not currently used 
in this program including local gravity for an oblate earth model, atmosphere 
density, local speed of sound, dynamic pressure, absolute viscosity, kinematic 
viscosity, and stagnation temperature on a reference sphere. The program 
consists of curve fits of atmospheric properties from sea level to 230,000 meters 
(754,600 ft) and all conditions are set to zero above this altitude. 


The vacuum case (P# * q * 0) is treated in a special way in the program to avoid 
division by zero. A flag is set in the program and dynamic pressure (q) is set 
equal to . 00001 PSF. The interaction terms are not computed for the vacuum case 
nor are cross coupling terms which are not related to impingement. The force 
and moment coefficients printed are based on a q of 1 x 10~ b PSF while the 
amplification factors are independent of q. 

With the flight conditions defined, all the required data is in the program and the 
RCS effective ess computed. In order to do this the RCS nozzle parameters must 
be computeo. 


5.5 COMPUTE SINGLE NOZZLE PARAMETERS (SUBROUTINE EXPAN) 

The nozzle parameters necessary to compute the RCS effectiveness include RCS 
engine thrust coefficient (TCOEF), jet exit momentum ratio parameter (RMFS), 
and jet mass flow parameter (FMR). These are all computed for a single nozzle 
and then multiplied by the number of nozzles in each set to obtain parameters for 
the six nozzle clusters within the main program where the equivalent nozzle 
effective jet exit momentum ratio is defined in Section 3, Equation 5 
and the mass flow parameter is defined in Section 3, Equation 7. Momentum 
ratio relationships are used for pitch up and pitch down nozzles exclusively while 
the mass flow parameter is used for yaw RCS only. 




CASD-NSC -77-003 


Plume limit turning angle (TURN) lg also required to define the plume decay 
characteristics as well as the extent of the plume for impingement calculations, 
it however is not related to the number of nozzles but rather to jet exit and free- 
stream conditions. The limit turning angle is computed in subroutine EXPAN 
based on Prandtl-meyer expansion of the flow from RCS chamber conditions to 
freestream ambient pressure minus the expansion in the nozzle plus the nozzle 
exit angle. 

The program prints the flight conditions as well as a larger number of nozzle 
parameters for the single RCS unit at this point in the main program winding 
up with the important nozzle Interaction parameters for the six clusters. 

5. 6 COMPUTE THRUST TERMS (SUBROUTINE THR) 

The thrust for a single RCS nozzle was computed when the other nozzle parameters 
were computed and the aerodynamic coefficients of thrust moment for the three 
RCS directions are now computed using the subroutine THR. The main program 
goes through a three step do loop to do pitch up, pitch down, and yaw components 
in turn. Subroutine THR is called 3 times and contains within itself a two step 
loop which computes the data for the left side thrust cluster then the right side 
cluster. The 6 aerodynamic forces and moments from both left and right sides 
are summed before the subroutine returns to the main program on each pass. 

The values of all coefficients are first set to zero to remove the data from previous 
cases prior to the call for THR. Subroutine THR computes the thrust coefficients 
for each RCS Airing direction and multiplies these by the direction cosines of the 
thrust vectors to obtain the thrust force coefficients. The program assumes that 
the nozzle clusters are all on the left side of the vehicle in determining the direction 
cosines of the thrust vectors and appropriate sign corrections are made when the 
right and left side data are summed. The nozzles are allowed an outboard and an 
aft cant angle in the computation of direction cosines. These are defined in 
Figure 5-3. The direction cosines are the angles of a unit vector along the 
centerline of the plume in the body axis system. The thrust moments are then 
computed about the body reference moment center accounting for cant angles and 
position relative to that moment center. 

The pitch up, pitch down, and yaw contributions are all saved as components and 
the program moves on to impingement prediction. 

5.7 COMPUTE IMPINGEMENT INCREMENTS (SUBROUTINES IMPING 
AND VACPLU) 

i 

The main program first sets the impingement components to zero to remove any 
from a previous case and then proceeds into a 3 step do loop which calls the 
impingement routine for the pitch up cases, pitch down cases, and yaw cases 
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In that order. Within the impingement routine another do loop performs the left 
side and right side computations for each of the control directions and sums them 
prior to returning to the main program. 

Three choices of plume impingement computation are available within the plume 
. impingement routine based on an input parameter IIMP. 

a) No impingement 

b) Modified vacuum data from OA99 

c) Plume impingement model. 

The first option simply sets the impingement terms to zero and proceeds to the 
interaction computation. The second choice is a computation based on the 
modified OA99 test equations given in Section 4 as Equation 9 to 28 and 
compute the impingement increments as functions of thrust coefficient and free- 
stream dynamic pressure. 

The third choice causes the program to make its own prediction of plume impinge- 
ment by computing the pressures on the vehicle from the six nozzle cluster plume 
separately and integrating each pressure distribution to obtain the 6 component 
impingement Increments. No plume/plume interaction is accounted for the three 

directions of RCS firing from the same cluster. 

• * 

The flat plate description of the vehicle entered into the program in the INPUTT 

routine is used to make these computations and the cards are listed in Appendix A. 

These plates are different than those of Reference 3 because the order of the 

plates is extremely important for the first 23. Plates number 1 to 18 are the 

upper surface of the left elevon while plates 19 to 23 are the left half of the body 

flap. The subroutine proceeds through each plate in turn first rescaling it to 

model scale if required and in the case of the elevon and body flap rotating them 

about their respective hinge lines to the correct deflection angles . Both right 

and left elevon angles are input so that both elevator and aileron control deflections 

are accounted for. 

IMPING selects the correct dimensions for the nozzle set being used, zeros the total- 
coefficients and proceeds to use VACPLU to predict the plume pressures on a set 
of flat plates representing the left side of the vehicle. The plume local static and 
dynamic pressures are used to compute the local surface pressure through the 
pressure laws defined in Section 4, Equation 40 to 42 , and the locai pressure 
is converted to a pressure coefficient based on free stream conditions. The pressure 
coefficient is multiplied by the local area and the direction cosines of the plate to 
obtain incremental force coefficients. The local force coefficients are used to 
compute local plate moments about the moment reference center and all of the 
local values are summed up to obtain total vehicle values. 

Since this integration is accomplished by summing up local values for a series of 
plates, a large number of plates is desirable for good accuracy as well as to 
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minimize the preasure change on a plate. Thia ia one of the principal reaaons for 
confining all predictiona to one aide of the plane of symmetry of the vehicle. 
Reference 3 shows the spacing of approximately 280 plates representing the left 
side of the orblter. Each plate is defined by 7 variables which are the location of 
the plate centroid from the moment reference center (X, Y, Z), the local area 
(SLOC), and the direction cosines of the outer unit normal vector from the plate 
with respect to the body axis system as is shown in Figure 5-4. The direction 
cosines define the local slope of the plate which combined with the angle of the 
plate to the nozzle determines the local slope of the surface to the flow and the 
preasure at that point from the pressure laws Equations 40 to 42 in Section 4. 


IMPING depends on subroutine VAC FLU for its definition of plume characteristics 
at a given point on the vehicle by sending VACPLU the location of the point in a 
nozzle based ordinate system by in terms of distance from the nozzle exit plane 
and the angle from the centerline as well as the equivalent nozzle thrust size and 
the engine operating characteristics. VACPLU then computes the plume local 
ambient pressure, dynamic pressure, and Mach number using the model defined 
in Reference 3 with modifications described in Section 4. 4. 2, and by assuming 
isentropic flow relations. If the angle from the centerline of the plume is greater 
than the limit turning angle, the plume pressures are set to zero and the limits 
of the extent of the plume are described in Sections 4. 4. 2. 3 and 4. 4. 2. 4. 

5. 8 COMPUTE INTERACTION INCREMENTS (SUBROUTINES INTER, DEFL, 
NEWT, CUBIC) 

As in the earlier terms the main program zeros the interaction increments from 
a previous case and then performs a 3 step do loop to compute the interaction 
coefficients for the pitch up RCS units, pitch down RCS units and yaw RCS units 
respectively. Each step results in a call to the subroutine INTER which then 
performs a two step loop to define the left and right components of each control 
direction and sums them up. 

All of the zero deflection curve fit data are stored within the INTER subroutine in 
DATA statements and are computed using the CUBIC subroutine to evaluate them. 
Control deflection corrections are made in INTER by calls to the subroutine DEFL. 
Since the pitch up lateral directional data is based on a peak model rather than curve 
fits for intervals of angle of attack the subroutine NEWT is called to evaluate these 
data from INTER. 

5.8.1 Pitch Up RCS Interactions 

The first entry into the subroutine INTER is to obtain pitch-up RCS interaction terms. 
The routine computes the upper and lower subscripts for the angle of attack interval 
in which the angle of attack occurs and a check is made on angle of attack to see 
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FIGURE 5-4 DIRECTION COSINES OF PLATE ON VEHICLE SURFACE 
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whether the angle is above or below the peak value regime, if the angle of attack 
is below 15 degrees the subroutine NEWT is used to predict the lateral-directional 
interaction components and the curve fit routine to evaluate the longitudinal com- 
ponents. When the angle of attack is high all interaction terms are computed 
using the curve flit routine (CUBIC). There are no control deflection effects 
computed and interpolation for angle of attack as defined in Section 4, occurs 
in CUBIC. 

The wind tunnel data was computed in a normal force body axis system so that 
the sign of the normal force increment must be reversed for all RCS directions. 

The upward firing pitch nozzle data was generated on the right side of the vehicle 
in the tests and the lateral-directional increments must be reversed to the left 
side convention used in this program. 

5. 8. 2 Pitch Down RCS Interactions 

The second entry into the surbroutine INTER is to obtain the pitch down RCS inter- 
action terms first for the left side units then for the right side and sums them up. 

All pitch down data at zero control deflection data are curve fits for intervals of 
angle of attack as functions of momentum ratio. These are evaluated by computing 
the indexs of the curve fits above and below the present value of angle of attack and 
by calling CUBIC to evaluate and interpolate for angle of attack. 

After evaluating the zero control deflection interactions the corrections for deflection 
are generated using the curve fits stored in the surbroutine DEFL first for body 
flap effects than for elevon angle effects. 

5.8.3 Y aw RC S Interactions 

The third entry into INTER is to compute the yaw RCS interactions. The approach 
is the same as for the pitch down RCS case with the exception that the mass flow 
parameter is the curve fit parameter. 

5.8.4 Subroutine CUBIC 

All curve fits are defined by seven coefficients. The first four are the coefficients 
of the cubic expression defined in Section 3, Equation 6. The fifth value is the 
maximum value of the independent variable for which the curve fit applies while the 
sixth in the minimum value. The seventh value is the standard deviation of the 
curve fit as determined from the analysis of Section 3 . This routine is called and 
given the name of dependent variable curves, the value of the independent variable, 
two subscripts defining the two curves to be evaluated and interpolation factor to 
be applied to both. Each curve fit is checked to see that the independent parameter 
lies within is applicable range or that it is made to and is then evaluated. A linear 
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interpolation is then made using the interpolating factor given in the input. The 
standard deviation is evaluated also and Interpolated between the angle of attack 
ranges. 


5.8.5 Subroutine N E WT 

The subroutine NEWT contains the equations of the pitch up RCS peak value lateral- 
directional models defined in Section 3. Peak side force, rolling moment, and yawing 
moment are defined as functions of equivalent nozzle effective momentum ratio and 
are evaluated directly. The first entry into the routine results in the computation of 
peak yawing moment. An inverse solution of the peak yawing moment versus angle 
of attack curve is made to determine the angle of attack at which this peak value 
occurs. If the present angle of attack is greater than the peak angle. All three 
lateral-directional components are computed as functions of angle of attack only. 

If the present angle of attack is lower than the peak, the peak values of side force, 
and rolling moment are computed and returned to INTER which applies the below 
peak model defined in Section 3. 

5.8.6 Subroutine DEFL 

The control deflection correction models defined in Section 4.2.2, for the pitch 
down RCS and yaw RCS are contained in this subroutine. The coefficients of the 
curve fit equations are all stored in this subroutine through the use of data state- 
ments and are applied by calls to the CUBIC subroutine. The curve fits are 
broken into: 

a) Body flap trailing edge up for pitch down RCS 

b) Elevon trailing edge up for pitch down RCS 

c) Elevon trailing edge down for pitch down RCS 

d) Elevon trailing edge up for yaw RCS 

e) Elevon trailing down for yaw RCS 

The interpolation factor defined in Section 4. 2. 2, is also computed in this sub- 
routine and allows no extrapolation at deflections angles above those for which 
the models were formulated. Interpolation for angle of attack between fits is done 
in CUBIC. 

5. 9 COMPUTE CROSS COUPLING INCREMENTS (SUBROUTINE CCOUPL) 

The final incremental terms needed to complete the RCS effectiveness prediction 
are the cross coupling terms which are computed in CCOUPL. This subroutine 
has only the symmetric pitch down model defined in Section 4. 3 since all other 
data correlation showed that no coupling existed within the measured data accuracy. 
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5. 10 SUM COMPONENTS AND COMPUTE AMPLIFICATION FACTORS 
(SUBROUTINE AMPL) 

The principal product of this computer program are the total RCS aerodynamic 
coefficients as computed as the sum of the increments from all sets of nozzles and 
printed out by the main program. Since it is also desirable for some cases to 
relate these total coefficients to RCS thrust, the amplification factors as defined 
by Equation 2 of Section 4. 1 are computed in the Subroutine AMPL. 

Since amplification factors can be very confusing when used to relate the out-of- 
plane induced forces and moments to the thrust terms needed to cancel them, 
this subroutine was limited to computing the amplification terms in the plane of 
thrust moments being generated. 

This subroutine checks the summation of the thrust terms to see if a thrust com- 
ponents exists in a given direction (i.e. , pitch up, pitch down, roll). If one exists 
than an amplification is computed as the total force or moment in that direction 
divided by the thrust force or moment. 

The computations are now completed and the program returns to the place specified 
by input parameter INEXT either for another case or to terminate the program. 

5. 11 PROGRAM INPUT (SUBROUTINE INPUTT) 

The preceding sections have given a summary of the program operation and given 
a brief outline of the data required for the program to execute. This data is loaded 
into the program through a subroutine called INPUTT which will be briefly described 
in this section while a detailed description of the input data will be given in the next 
section. 

The input subroutine is called at three different places in the main program and 
provides different data at each point based on a parameter INEXT . Three types 
of data are required for a full loading of the program: 

a) Vehicle surface plates 

b) Nozzle definitions (namelist IN) 

c) Flight conditions (namelist FC) 

When the program is first loaded or if INEXT = 1 all of the input is required. When 
INEXT = 2, nozzle definitions and flight conditions changes must be input, and if 
INEXT = 3 only flight condition changes can be made. 

The vehicle flat plate data is input using formatted read statements while the remain- 
ing data is entered through namelist. The use of namelist was made to minimize 
the input required for multiple cases. No input for a given variable in a namelist 
leaves that variable at its present value and as much as possible default values 
are defined by DATA declarations within IN PUTT so that the full scale data of the 
shuttle orbiter exists within the program (except for the flat plates which must be input). 
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IN PUTT initializes all of the data, computes the direction cosines of the nozzles, 
computes the discharge coefficient if a wind tunnel test nozzle is specified, corrects 
chamber pressure for nozzle discharge coefficient, and rescales nozzles data to 
model scale if required. The subroutine then provides these data to the main 
program. 

5.12 INPUT DATA DEFINITIONS 

A new problem starts with first loading the vehicle flat plate surface data as 
formatted data at a maximum of 8 words per card with an F10. 3 format. The 
vehicle must be input in full scale dimensions on the left half of the vehicle. 


Card Column 

Variable 

Description 

1 to N-l flat plate 
one must be input) 

surface cards 

one plate per card up to 300 allowed (at least 

1-10 

DNX(I) 

X direction cosine of flat plate I. plates 

are counted as input is used. See 

Figure 5-4 for definition of direction coBine. 

11-20 

DNY(I) 

Y direction cosine of flat plate I 

21-30 

DNZ(I) 

Z direction cosine of flat plate I 

31-40 

X(I) 

X distance of centroid of plate I from 
reference center. See Figure 4-2 for 
defintion of axis system. Units are feet. 

41-50 

Y(I) 

Y distance of centroid of plate I from 
moment reference center. Units are feet. 

51-60 

Z(I) 

Z distance of centroid of plate I from 
moment reference center. Units are feet. 

61-70 

SLOC(I) 

Area of plate I in square feet. 

N 1-10 

2.0 

Last card of flat plate input is signified by 
DNX(N) being greater than 1. 1. 

This ends flat plate input. 


Order of the cards is important. The first 18 cards represent the upper 
surface of the left elevon. Cards 19 to 23 represent the upper surface of the 
body flap. All other plates are not order dependent. 


The remaining input is by namelist rather than formated read and so no card 
need be specified. A namelist specification at Convair is made by a $ in 
column 2 of the first card of the list followed by the namelist name. Each 
variable name to be loaded must appear followed by an equal sign and the value 
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of the input with commas separately variable specifications. The list can extend 
over a number of cards and is closed by a $. The order of names within a list is 
not important and names can be repeated if newer data becomes available. There 
are two namelists within INPUTT having the names IN, and FC and they load in 
that order on a new job. 

The namelist IN defines the RCS engine, the locations of the sets and the geometry 
of the firing arrangement 


Namelist 

Variable 

Description Default Value 

IN 

* RCS Engine Characteristics 


IN 

GJ 

Specific heat of jet 

1.3 

IN 

ARJ 

Expansion ratio of jet, exit area-to-throat area 

22. 

IN 

POJSA 

Chamber pressure of jet (PSIA) 

152 PSIA 

IN 

RJ 

Jet gas constant (R Air * 53. 35) 

75 

IN 

TOJ 

Jet chamber temperature (Deg) 

4873 C R 

IN 

DEXIO 

Jet exit diameter (Ft) 

. 8013 Ft. 

IN 

THETA 

Nozzle exit angle (angle of bell mouth nozzle 
wall) (Deg) 

12° 

IN 

DCOEF 

Nozzle discharge coefficient 

1 . 

IN 

NOZNO 

Nozzle number (input if Tests OA82, MA22, 
or OA169 are to be duplicated) 

- 

IN 

* 

Nozzle locations and geometry (all sets 
must be input and left side locations 
specified if default values not used) 


IN 

• SCALE 

Scale of model for test simulations 

1 . 

IN 

XREUM 

X coordinate of upward firing nozzles, 
exit plane reference center of left cluster (Ft) 

-37.69 

IN 

YREUM 

Y coordinate of upward fifing nozzle exit 

-11. 

IN 

ZREUM 

Z coordinate of upward fifing nozzle exit 
from moment reference of left cluster (Ft) 

-9. 864 

IN 

XREUS, YREUS Coordinates of upward firing nozzle 
' ZREUS cluster on right side 



5-17 



CASD-N SC -77-003 


Namelist 

Variable 


Description 

Default Value 

IN 

XREDM, 

XREDS 

X coordinate of left/right side 
downward firing nozzle cluster 

-37. 69 

IN 

YREDM, 

YREDS 

Y coordinate of left/right down 
firing cluster 

-9.25 

IN 

XREDM, 

XREDS 

Z coordinate 

-5 417 

IN 

XREYM, 

XREYS 

X coordinate of left/right yaw 
clusters 

-37. 69 

IN 

YREYM, 

YREYS 

Y coordinate 

-12. 4625 

IN 

ZREYM, 

ZREYS 

Z coordinate 

-7.003 


The moment reference center is all specified to X^q ® 1076. 7, Y^q * - 

Z CG 3 375. 


IN 

* 

Nozzle angles see Figure 5-3 
for positive directions 


IN 

THAFTU 

Aft cant angle of upward firing 
nozzle (Deg) 

0° 

IN 

THAFTD 

Aft cant angle of downward firing 
nozzle (Deg) 

-12° 

IN 

THAFTY 

Aft cant angle of sideway firing 
nozzle (Deg) 

0° 

IN 

THOUTU 

Outboard cant angle of upward 
firing nozzle (Deg) 

0° 

IN 

THOUTD 

Outboard cant angle of downward 
firing nozzle (Deg) 

o 

O 

CM 

t 

IN 

THOUTY 

Upward cant angle of sideway firing . 
nozzle (Deg) 

o 8 

IN 

* 

Nozzle set definitions 


IN 

NONOZUL 

Number of upward firing nozzles realising 
pitch up) operating ;in a set on left side 
of vehicle 

0 

IN 

NONOZUR 

Same as above on right side 

0 

IN 

NONOZDL, 

NONOZDR 

Number of downward firing nozzles 
(causing pitch down) operating in a 
set on left/right side of vehicle 

0 
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Namelist 

Variable 

Description Default Value 

IN 

NONOZYL 

Number of downward firing nozzles 

0 


NONOZYR 

(causing pitch down) operating in a 
set on left/right side of vehicle 


IN 

* 

Impingement Model Selector 


IN 

IIMP 

Defines the type of mathematical model 



to be used, 

* X, Use the empircal impingement model, 

= 2, No impingement model used, 

* 3, Use the semi-empirical Impingement model 

(Modified Newtonian pressures plus vacuum 
plume model) IIMP * 3 is the default value 

The final namelist in is called FC and contains the control deflections, flight 
conditions and an indicator which determines the input options on multiple cases. 

FC IOPT Defines the flight conditions to be read 4 

* 1, Mach number, angle of attack (Deg) and 

altitude (Ft) must be input, all others are 
not used 

=* 2, Velocity (FPS), altitude (Ft), and angle 
of attack (Deg) must be input 

= 3, Dynamic pressure (PSF), altitude (Ft), 
and angle of attack (Deg) must be input 

* 4, Ambient pressure (PSF), temperature (Deg F). 

Mach number and angle of attack (Deg) must 
be input. This is default value. 


FC 

M3NF 

Free stream Mach number 

none given 

FC 

PINF 

Free stream ambient pressure (PSIA) 

none given 

FC 

TINF 

Free stream ambient tempera- 
ture (Deg F) 

none given 

FC 

QI 

Free stream dynamic pressure (PST) 

none given 

FC 

ALPH 

Angle of Attack (Deg) 

0° 

FC 

HI 

Altitude (Ft) 

none given 

FC 

VINF 

Velocity (FPS) 

none given 
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Namelist 

Variable 

Description 

Default Value 

FC 

DELTEL 

Elevon ang- •. of left elevon 
(- trailing */dge up) Deg. 

0* 

FC 

DELTER 

same as above - right elevon 

0* 

FC 

DELTBF 

Body flap deflection angle 
(- trailing edge up) Deg. 

0* 

FC 

INEXT 

Defines content of next set of data 

4 


* 1, All data are to be read 

* 2, Nozzle definitions and flight 

conditions (namelists IN and FC) 
must be read 

* 3, Flight conditions only (namelist FC) 

are to be read 

■ 4, No more data will be read in, 
program stops 


5 . 13 OUTPUT DATA DEFINITIONS 

The data printed out from a sample run is shown in Figure 5-5. Not shown in this 
figure is the listings of input which occur because of the use of the namelist input 
option and the names are defined in the preceding section. The output starts with 
a definition of the characteristics of the solution in lines 1 and 2. 

Output 

Line Word Description 

1 SCALE Scale of solution ( 1= full scale) 

2 REFERENCE AREA Reference area used in this solution in Ft 2 

2 REF SPAN Reference length for lateral directional moment 

in Ft. 

2 REF CHORD Reference length in pitching moment in Ft. 

3-5 Nozzle Characteristics Single RCS nozzle data 

3 EXIT DIA RCS nozzle exit diameter in feet 

(input as DEXIO) 

3 EXPANSION RATIO RCS nozzle exit to throat area ratio 

(input as ARJ) 
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LINE 


KXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXK 

1 the scale or this solution is. i.*j***3cca* 

2 REFERENCE AREA* 2690. 3QB0 l*CSO FT »CF SPAN = Z». 65 3IS31FI RcF CHORD » it.if4iy.in 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXX 

NOZZGE CHAN ACT FRIST ICS 

3 EXIT OTA .8B1T t XPANSICN RATIO T2.TCU EXIT ANCLE 12. *96* NOZZLE NACH 5 .2 951 

4 THRUST 8Z9.B«12Z525 CHAMBER PRESS 15Z.MC3 EXIT FRESS .5*599Z12 EXHAUST CAMNA 1.3kCI 

5 NOZZLE DISCHARGE coefficient 1.00*01*002* 

XKXXXXXXXXXXXXXXXXXXXXXXXXXXXXX tXXXXXXXXXXXXXXXXXXXXXX 

FREE SIREAH COHOIIIONS 

KXXXXXXXXXkXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

6 nach no - zs.aoc.* 

7 ahcl- of attack =■ s.sssciei 
to 

H» XXXXXXXXRXXVXXXXXkXXXXXXXKXXXXXXXXXXXXXKXXXXKXXXXXXXXX 

y elevon ahgles.left - e.stooao* right - *.1111310 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXX 

9 JOEY FLAP OEFLECT ION - *. 111*11* 

XXXXXXXXXXXXXXXXXXXXXKXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

10 P INFINITY .0*0*311* HATH INF 2S.***C GANNA 1.5(* 1AMG1E OF ATTACK *.*•** 

11 PRESSURE HU TIC 5*59971.2 1*5*159 NONE NT OH RATIO ZR.9Zn.M35 IMKUSI COEFF 51.91*5*913 

12 RT RATIO J./519Z2CZ POJ/PINF 15 20IM* «* .3S*3Cl ((FREE SIREAH DYNAMIC PRESS .5*t3*0<.* 

13 <R’TO!*/«h*UFF» 15.2*51* 

XXXXXXXXXxXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXKXXAXXXXXXXXXX 

14 PIICH UP LEFT FOZZltS = 3. HOHENTUH RATIO Z5.2E216509 THkUST CUEM1SOFII 51*991. CAI55* 

15 HUGH IIP PGHI NOZZLES = 0. NONUNION RATIO O.ACIllfOu IHMIST COEFIlSQFIt *.(•<*(« 


FIGURE 5-5 
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LINE 


16 

PITCH 

ON LEFT 

N022LES = 

5. 

MOMENTUM RATIO 

79.7623650 9 

THRUST 

COEFI1SQFT! 

910991.003950 

17 

PITCH 

ON FGHT 

K027LES * 

«. 

HOMEHTUH RATIC 

■ .83610806 

THRUST 

COEFI1SOFTI 

0.116003 

18 

YAH 

LEPI 

N022LES = 

f. 

HASS FLOW RAT 

35.29619907 

THRUST 

COEFUSUFTI 

510991.003550 

19 

YAH 

RIGHT 

N072LES = 

t . 

HASS FLOP RAT 

15.29609907 

THRUST 

COEFliiQFIl 

3.02006c 


XXXkXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

oObV AXFS FORCE ANJ HCMENt COEFFICIENTS APF CJIPUT 

SIGH CtMVEMlOM 7 POSITIVE FWD *2 POSITIVE OGWN *T POSITIVE RIGHT 
PITCH ♦ POSE UP *POLL ♦ FIGHT KING ORNOYIM ♦ HOSE PI CHI 

HOHfNT REF CEKT?1»X-137t.2 2=375. 

IHFUST I£FKS Q (b) Q @ Q Q 

POLLING MOMENT PITCHING HOHCNI TAMING HOHFNT X TOkCE T FORCE 2 FORCE 

20 pitch up -zi.vsiaes 190.350553 ..occoco o. occoco 155.750757 

21 PITCH 096N 1 3. 309079 -132.539575 -21.610335 3a. 530293 52.550732 -153.530200 

22 . TAN -13.975056 3.CC0683 -75.212329 0.006010 195.750767 0.006000 

XXXXXXXXXXXKl'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

IHPI6GEHFNT forces 





ROLLING MOMENT 

PITCHING MOMENT 

VAHING MOMENT 

X FORCE 

V FORCE 

2 FORCE 

23 

PITCH 

IIP 

2.952095 

-.224755 

-3.9t5722 

-.173301 

7.0399.7 

-.212719 

24 

PITCH 

COHN 

-9.652617 

90.1865 73 

-9.090509 

-1 3.33C339 

16. 700865 

96.955955 

25 

YAH 


6. GO CO 03 

8.354060 

C.C300G0 

0.CJG080 

C. 606000 

(.000600 


XXXXXXXXXXXXXXXXXKX XXXk XXXXXXXX XXXXXXXXXX XkXXXXXXXXXXX 
INTERACTION IEFHS 





POLLING MOMENT 

PITCHING HOMENT 

TAMING moment 

X F06CE 

» FORCE 

2 FOPCf 

26 

PITCH 

t)P 

.Cti689 

-.082620 

-.017672 

.812990 

.330910 

.090961 

27 

PITCH 

COHN 

-.012959 

.650551 

-.302593 

.022365 

•C16069 

. 122069 

28 

YAH 


-• 6QC69I 

l.OOOOCl 

* -.605393 

• CO 26 31 

.31(355 

.033790 
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LINE 


cn 

I 

to 

CO 


29 

30 

31 



XXXXXXXXXXXXXKXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXKX 
CFC.SS COUPLING TFRHS 

ROLLING HOHERT PITCHING HOME NT 
PITCH UP ‘..JC-liS A.B33AC3 

pitch now* c.aoioco a.iitc&a 

YAh C.JflJIBB J.CBCCBJ 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXkXXX 
TOTAL TALUtS 


TAMING HOHENT 

3.111111 

I.HCltt 


32 

33 

34 

35 

36 

37 

38 


39 

40 


POLLING HOHENT PITCHING HOHENT 
~2G.7G<.iai 55.7G173V 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


TAMING HOHENT 
-118. bll<.53 


sin DEV CF cx = 
STO OET CF C7 = 


•8116213 


SID DET OF CH - 
STO OE V OF CL * 
STO OE V OF CN * 
Sin OtT OF CT X 


.0 3371S6 
.GG15G39 
.AC223CS 
.1367165 

AHPLIFICAIICN IS COMPUTfO FOR THRUST COMPONENTS OHt T 
•1 IS NO AHFLIFICATION 3 IS THRUST CANCEL LAI ION 
THE Ffc A»E 22 POSSIBLE BOS CONTROL CCM 3 I NATIONS 
THIS COHO IN AT IOF INCLUTIFS A PITCH UP OB DORN COHPOHFHT 
NOF HAL FORCE AHf « G. 3 GSE 6 G 7 ^PITCHING HUH AHP 

THIS COHrl IHAT IOK IHCLUUES A RCLl LEFT OR BIGHT COHP 
BOtl AMPLIFICATION = 2 .SS 833716 

THIS COMJINATIOA IllCLIMItS A YAH LEFI OB RIGHT CONPONFI 


3. 52311757 


® 

® 

F 

X FORCE 

T FORCE 

7 FORCE 

l.tlllll 

I.MHM 

MIUI 

).B3t«C« 


G.GIAICS 

3.3ACC18 


Hiihia 


X FORCE 

X FC*CE 

Z FORCE 

16.9 75WX 

£3?. 41 *137 

53.17*335 
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LINS 


41 SIDE FORCE AFP = 1.6‘ 3*-2565YAH HOHEHT AMP - 1. ‘.70655#? 

AMPLIFICATION FACTORS 


KL 


L.1 


KM 


KX 


KY 


K7 


42 


43 

44 


AMPLIFICATION 2.0*03072 3.5231175 

xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

THE 2 SIGH* ERROR BAND RESLLTS IN THE FOLLOWING COEFS 
•2 SIGH* CCEF FIRST THEN -2 SIGH* OAT* AFE PPESENTO 

ROLLING MOMENT PITCHING HOHENT YAWING MOMENT 

-25.751013 55* 7571E5 -110.606951 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

POLLING MOMEM PITCHING HOHENT YAWING HOHENT 

-26.76710# 55 . 7623G2 -110.615913 

XXXXXXXXXXXXXXXXXXXXXXXXXXkXXXXXXXXXXXXXXXXXXXX xxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxx xxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx 


1.6706559 0. 


1.6936256 


X FORCE 
16 . 905* 29 

X FORCE 
16.965522 


V F«CE 
232.627570 

Y FORCE 
232.600706 


Z FORCE 
53.199596 

l FORCE 
53.153076 


.3605660 


FIGURE 5-5 SAMPLE OUTPUT 
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Output 

Line 

Word 

Description 

3 

EXIT ANGLE 

RCS nozzle exit lip angle in degrees 
(input as THETA) 

3 

NOZZLE MACH 

Computed nozzle exit Mach number 

4 

THRUST 

Computed RCS nozzle thrust in pounds 

4 

CHAMBER PRESSURE RCS effective chamber pressure in PSIA 

4 

EXir PRESS 

Computed static pressure at nozzle 
exit plane in PSIA 

4 

EXHAUST GAMMA 

Specific heat ratio of nozzle gases 
'input as GJ) 

5 . 

NOZZLE DISCHARGE 
COEFFICIENT 

; Input or computed nozzle discharge 
coefficient (ratio of actual thrust to ideal) 

6 

MACH NO 

Input or computed freestream Mach number 

7 

ANGLE OF ATTACK 

Angle of attack of this solution INPUT as 
ALPH degrees 

8 

ELEVON ANGLES 

Wing mounted elevon angles input for this 
solution as DELTEL and DELTER in degrees 

9 

BODY FLAP 

DEFLECTION 

% 

Body flap deflection input for this solution 
as DELBF in degrees 

10 

P INFINITY 

Ambient pressure at flight condition either 
input or defined by standard atmosphere in 
PSIA (limited printout resolution) 

10 

MACH INF 

Freestream Mach number 

10 

GAMMA 

Freestream specific heat ratio 

10 

ANGLE OF ATTACK 

Input angle of attack (ALPH) in degrees 

11 

PRESSURE RATIO 

Single RCS nozzle jet exit pressure 
ratioed to freestream pressure (Pj/P^) 

11 

MOMENTUM RATIO 

Single RCS Nozzle momentum ratio 
(ratioed using wing area i §. /$„) 

11 

THRUST COEFF 

Single RCS nozzle thrust ratioed by dynamic 


pressure and wing area = T/qS 
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Output 

Line Word Description 


12 

RT RATIO 

(R T /R T ); RCS ambient temperature 

() J WOT 

ratio to freestream 

12 

POJ/PINF 

RCS chamber pressure ^P 0 j) ratloed to 
freestream ambient pressure (P M ) 

13 

FREESTREAM 

a * 0. 7 P M? inPSF 

*CO CO CO 

» 

• 


DYNAMIC PRESSURE 

13 

'R*TOJ)/R*TINF) 

RCS chamber temperature ratloed to freestream 
ambient temperature - Thayer's parameter 

14-19 

NOZZLES 

Number of nozzles firing in each cluster is defined 
here 

14-17 

MOMENTUM RATIO 

Total momentum ratio of cluster used to 
compute interactions 

14-19 

THRUST 

2 

Total thrust coefficient of cluster using 1 Ft 


COEFFICIENT 

as reference area 

18-19 

MASS FLOW RAT 

Mass flow parameter used to compute yaw 
RCS interactions 


The program now begins a printout of all terms which are combined into total 
control moments and amplification. This printout is in a systematic form in 
which any pitch up nozzle contributions are listed first (lines 20, 23, 26, and 29); 
then pitch down nozzles) lines 21, 24, 27, and 30) and finally yaw nozzle contri- 
butions (lines 22, 25, 28, and 31). The data is all presented in aerodynamic 
coefficient form so that the force terms are non dimensionalized by dividing 
by dynamic pressure and wing area and additionally the moment terms by the 
appropriate reference length, Column A presents rolling moment (Cl), column B 
presents pitching moment (C M ), Column C presents yawing moment (C^)’. 

Column D presents body axis axial force (C x ), Column E presents side force 
(Cy), and Column F presents vertical force (Cz) where Figure 4- 1 defines the 
sign convention of the force and moment coefficients. 

The thrust terms are computed first and are presented first in lines 20 through 
22. These thrust terms have all nozzle cant angles included in their computation. 
The plume impingement terms are presented in lines 23 through 25. If the input 
option is selected to ignore impingement a comment will be printed but output 
will still be listed. The interaction terms are presented in lines 26 to 28 and 
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the cross coupling terns in lines 29 to 31. The summation of all components 
(Equation 1 of Section 4) llBted in lines 20 to 31 are then obtained and printed in 
line 32. 

Lines 33 to 38 then present the standard deviations of the total aerodynamic forces and 
moments. Lines 39 to 42 present the amplification factors for the case computed 
where the thrust terms used are defined in lines 20 to 22. Lines 43 and 44 present 
the total coefficients (line 32) plus and minus 2 sigma where sigma is defined in 
lines 33 to 38 and represent the best estimated of the 95 percent confidence band 
within which the true value of data will occur. 
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6 

DATA COMPARISONS 

The analytic model of Sections 4 and 5 resulted from the data analysis of 
Section 3 and modifies it to a certain degree. The curve fits generated in 
Section 3 showed varying degrees of correlation with the test data, some 
correlations were strong while others were not so strong. Thus the question 
arises how well will the computer model reproduce the test data results. 

The scatter within the test data itself would make it unlikely that a single given 
run could be reproduced point for point, however, the comparison can still be 
useful to show the strong and weak parts of the model and to show the expected 
data scatter. 

The approach taken to make this comparison then was to compare the analytic 
model results for 3 nominal examples of data at zero control deflection in 
which a number of repeat runs were made. The comparison was made on a 
jet-on minus jet-off basis so that both impingement and interaction terms are 
included. 

6. 1 NOZZLE N49 PITCH DOWN RCS COMPARISONS 

Figure 6-1 to 6-6 present the analytic model results compared to six runs of 
nozzle N49 data at the same nominal value of momentum ratio. The 2 standard 
deviation error bands are plotted on the moment data correlations. The test 
data scatter is shown in all plots and is particularily bad in the vertical force 
component at high angles of attack. The agreement of the prediction with the 
trends of the data appears good. The model appears to overpredict the yawing 
moment slightly at higher angles of attack but all the data falls well within the 
2 sigma error band. 

6. 2 NOZZLE N52 PITCH-UP RCS COMPARISON 

Figures 6-7 to 6-12 compare ten runs of data obtained from nozzle N52 at the 
same nominal momentum ratio (. 015) with the analytic model results. The 
longitudinal data (C^. C z , C m ) where the correlations were weak show 
considerable scatter in the data. This is in part due to the low value of 
momentum ratio being correlated here. The pitching moment follows the trend 
of the data fairly well inspite of the scatter as does vertical force at low angles 
of attack. The lateral-directional data shows very good agreement between 
the model and test data even through the peak value region and at angles below 
the peak value where the curve was fitted through large amounts of scatter. 
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6. 3 NOZZLE N85 YAW DATA COMPAKISONS 

Data for 6 data runs obtained using yaw nozzle block N85 are compared with 
analytic model predictions in Figures 6-13 through 6-18. The axial force 
(6-13), rolling moment (6-16), and pitching moment (6-17) show excellent 
agreement between the model and the test data. The vertical force data in 
Figure 6-14 shows only good agreement of angles of attack from 0 degrees 
to 20 degrees. Above 20 degrees the data scatter becomes very large (as 
was the case in all correlations) and the model stays close to the MA22 test 
data. At negative angles, Figures 3-17a and 3-17b show that the scatter again 
was large and the model was faired between the N85 data shown on these 
comparisons and N51 data which pulled the curve down. The side force com- 
parison shown in Figure 6-15 shows good agreement above 5 degrees angle of 
attack and the data scatter shown at -9 degrees in this figure results in the 
model being kept low at the negative angles. Figures 3-21 a to 3-21 j present 
the anglysis data for the yawing moment comparison of Figure 6-18. The 
scatter in low angle of attack data again results in some difference between 
model and data around zero angle of attack. 

Comparisons of these plots with the error bands on Figures 3-17 to 3-21 will 
show that all differences are well within the expected error band. 
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FIGURE 6-1 A COMPARISON OF TEST DATA FOR NOZZLE N49 Win-" 

PREDICTION PROGRAM RESULTS: LONGITUDINAL ;OT.C£ COEFFICIENT 
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FIGURE 6-2 A COMPARISON OF TEST DATA FOR NOZZLE N49 \'»TTi: 

PREDICTION PROGRAM RESULTS: VERTICAL FORCE COEFFICIENT 
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FIGURE 6-3 A COMPARISON OF TEST DATA FOR NOZZLE N49 WITH 

PREDICTION PROGRAM RESULTS: SIDE FORCE COEFFICIENT 
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FIGURE 6-4 A COMPARISON OF TEST DATA FOR NOZZLE N49 WITH 

PREDICTION PROGRAM RESULTS: ROLLING MOMENT COEFFICIENT 
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FIGURE 6-5 A COMPARISON OF TEST DATA FOR NOZZLE N49 WITH 

PREDICTION PROGRAM RESULTS: PITCHING MOMENT COEFFICIENT 
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FIGURE 6-6 A COMPARISON OF TEST .DATA FOR NOZZLE N49 WITH 

PREDICTION PROGRAM RESULTS: YAWING MOMENT COEFFICIENT 
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FIGURE 6-7 A COMPARISON OF TEST DATA FOR NOZZLE N52 WITH 

PREDICTION PROGRAM RESULTS: LONGITUDINAL FCx.CL 
COEFFICIENT 
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FIGURE 6-8 A COMPARISON OF TEST DATA FOR NOZZLE N52 WITH 
PREDICTION PROGRAM RESULTS: VERTICAL FORCE 
COEFFICIENT 


6-10 



CASD-NSC-77-003 


ac y 


* Cv 

* JET ON 


JET OFF 


— PROGRAM PREDICTION 


DATA 

TEST 

RUN 

A 

OA82 

IS 


OA82 

29 

m 

OA82 

34 

a 

OA82 

38 

0 

OA82 

87 

0 

OA82 

72 

d 

OA82 

73 


OA82 

79 

0 

MA22 

164 

• 

MA22 

155 


3 j 

* . 015 



FIGURE 6-9 A COMPARISON OF TEST DATA FOR NOZZLE N52 WITH 

PREDICTION PROGRAM RESULTS: SIDE FORCE COEFFICIENT 


6-11 




CASD-NSC -77-003 


A Ci “ C * JET ON " Ci JET OFF 


PROGRAM PREDICTION 

DATA TEST RUN 


A 

OA82 

15 

O 

OA82 

29 

• 

OA82 

34 

□ 

OA82 

36 

0 

OA82 

67 

0 

OA82 

72 

Q 

OA82 

73 

V 

OA82 

79 

0 

MA22 

164 

• 

MA22 

155 


5>j 

-r— * . 015 


.008 


<«? 

o 

<1 


.006 


.004 


002 



10 20 
ANGLE OF ATTACK - DEG 


FIGURE 6-10 A COMPARISON OF TEST DATA FOR NOZZLE NUJ ■ 

PREDICTION PROGRAM RESULTS: ROLLING MOM,.;, * 
COEFFICIENT 
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FIGURE 6-11 A COMPARISON OF TEST DATA FOR NOZZLE N62 WITH 
PREDICTION PROGRAM RESULTS; PITCHING MOMENT 
COEFFICIENT 
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FIGURE 6-12 A COMPARISON OF TEST DATA FOR NOZZLE N52 WITH 
PREDICTION PROGRAM RESULTS: YAWING MOMENT 
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FIGURE 6-13 A COMPARISON OF TEST DATA FOR NOZZLE N85 

WTTH PREDICTION PROGRAM RESULTS: LONGITUDINAL 
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FIGURE 6-14 A COMPARISON OF TEST DATA FOR NOZZLE N85 

WITH PREDICTION PROGRAM RESULTS* VERTICAL 
FORCE COEFFICIENT 
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FIGURE 6-15 A COMPARISON OF TEST DATA FOR NOZZLE N85 

WITH PREDICTION PROGRAM RESULTS: SIDE FORCE 
COEFFICIENT 
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FIGURE 6-16 A COMPARISON OF TEST DATA FOR NOZZLE N85 
WITH PREDICTION PROGRAM RESULTS: ROLLIN " 
MOMENT COEFFICIENT 
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FIGUR E 6-17 A COMPARISON OF TEST DATA FOR NOZZLE N85 
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FIGURE 6-13 A COMPARISON OF TEST DATA FOR NOZZLE N85 
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7 

FULL SCALE CONFIDENCE 

Sections 3 to 5 develop a prediction model for determining reaction control system 
effectiveness based on numerous wind tunnel data. Section 6 showed that the model 
will reproduce the wind-tunnel results. But such a model is of little use unless it 
can be extended to the flight regime with some degree of confidence. This section 
will attempt to address this question for the re-entry case only, 

7. 1 TEST TO TEST VARIATION ERRORS 

The test to test variation between the Mach 10 tests OA82 and MA22 were carried 
over into the incremental jet data by using one jet-off run (MA22 run 5) for both 
sets of data. Thus all differences between these tests are accounted for in the 
curve fits of Section 3 and are computed into the estimates of data scatter given on 
each plot. 

The average jet-off differences for the mean of all of the Mach 10 jet-off data 
compared to the mean jet-off run from OA169 is shown in Figure 7-la to 7-1 f. 

This difference which may be due to Mach number and/or test and models 
differences was too large compared to the RCS data to be left in and was removed 
from the data by using OA169 jet -off runs to obtain RCS increments for Mach 6. 
Section 3 shows that the OA169 incremental effects generally all fall within the 
error boundaries of the Mach 10 data. Therefore there seems to be no test to 
test variation of induced RCS effect has which has n .ot been accounted for. 

7.2 MEAN VALUE DIFFERENCES 

There were 6 jet-off runs during test OA82 and 28 more obtained during test MA22. 
Since the data presented in Reference 2 showed there were measurable differences in 
the jet-off runs, the question can be raised as to whether all of this has been 
accounted for in the data sample and true mean difference curves obtained. This 
aspect of the problem was investigated by Chrysler DATAMAN (Reference 10) 
in which all jet-off data runs were used to take differences with all jet-on runs 
for a sample case. In this case nozzle N49 at nozzle pressures of 150, 300 
and 600 psia. When all the differences were taken for all jet-oh minus all jet -off 
runs at a given pressure and angle of attack an average value and standard 
deviation were computed. 

Figures 7-2 a and 7-2 b present samples of the mean curves compared with the 
model results. The model accounts for many other nozzles and pressures so that 
the agreement is not perfect, but it appears close enough to verify that the model 
does a good job of representing the true mean value of the difference. 
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7 . 3 STANDARD DEVIATION OF DATA SAMPLE 

The derivation of mean values discussed above also resulted in estimates of the 
standard deviation of error for nozzle N49 at the three supply pressures. Figure 
7-3 present the computed values of the standard deviations for all of the jet-on runs 
at the three supply pressures minus all of the jet-off runs as computed in Reference 
10 . The close agreement between them at each angle of attack shows that they are 
good estimates of the true data scatter. In addition the root-mean-square error 
from the analytic model agrees quite well with them. The RMS value contains 
within it other nozzle data and OA169 data averaged over 5 degree intervals and 
is slightly larger at all angles of attack. In addition the standard deviations of 
the jet-off runs for OA82 and MA22 are shown on this plot and these again show that 
the RMS error of the analytic curve fits contain them. Thus it is concluded that the 
RMS values for the analytic curve fits are good estimates of the true standard 
deviation of error of the population of reaction control incremental data. 

7. 4 MACH SCALING UNCERTAINTY 

The wind-tunnel data used in this analysis was obtained at Mach numbers of 6 and 
10. while the entry flight condition simulated is Mach 25. The question arises then 
whether the wind tunnel data is valid or needs to be scaled for Mach effects. 

The nozzle flow parameters (momentum ratio and mass flow ratio) have already 
been tested to full scale for nominal entry conditions as low as a q of 5 PSF for 
a 3 nozzle case and proportionally lower for fewer nozzles. A nominal condition 
of 280, 000 feet at 26, 100 feet per second is approximately 5 PSF and represents 
a momentum ratio of . 0954 for a 3 nozzle case while MA 22 test data was obtained 
to a momentum ratio of approximately . 12. The mass flow parameter at this 
nominal entry case is . 0437 while test data was obtained to . 05 . Thus the nozzle 
simulation does not need to be scaled. 

Figures 7-4 a to 7-4 c show Mach effect data for the jet-off conditions obtained from 
orbiter test OA77/78. The only data to show a consistent Mach trend is the pitching 
moment data, however, the difference between Mach 8 and 10 is shown to be within 
the OA82-MA22 test to test variation and the OA169/MA22 difference cuts across 
both. Test to test variation, thus, must be larger than any Mach effect. 

The OA169 data was shown in Section 3 to tit within the Mach 10 error band and 
thus test to test variation is accounted for. In addition, data from Reference 1 
showed that there was no Mach effect on RCS interaction at Mach numbers from 

2. 5 to 4. 5. Thus it appears that no further scaling is required for Mach number. 

7. 5 REYNOLDS NUMBER SCALING UNCERTAINTY 

6 

Most of the wind tunnel data was obtained at a nominal Reynolds Number of 1 * 10 . 
The nominal entry condition value for 280, 000 feet and 26, 100 feet per second 
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R 

velocity Is 1. 6 x 10 baaed on vehicle length. 

A limited number of runs were made during test OA82 to determine whether there 
ia a Reynolds number effect, but, all measurable changes are within the data 
scatter of the nominal data. Since the data was limited it was decided to replot the 
data at each angle of attack to compare trends just of these runs forgetting that they 
are all within the expected error. Figures 7-5 a to 7-5 d present the results for pitch 
down nozzle N49 at the one common value of momentum ratio obtained. No consistent 
trend can be discussed so a "worst case" was chosen from the angle of attack that 
showed the most slope and "worst case" approximations computed 

A C^ * AC_, « < 1 + F (13. 88-log (RJ) ( 1) 

M B. M (Be-lxl0 6 ) 4 6 


where 

AC * Any RCS interaction force or moment at flight Reynolds 

He number 

6 

(Re-lxlO ) * Predicted interaction force or moment from model 
Re * Flight Reynolds number based on vehicle length 
F * "Worst case" slope 

The N52 nozzle data is presented in Figure 7-6 a to 7-6 c and the values of F for 
each component are: 


Nozzle N49 


ac n 

F = . 6634277 


F = . 253966 

AC 

m 

F * . 0276764 

o 

<1 

F = . 0547855 

Nozzle N52 


AC 

F = . 1787406 

o 

<1 

F ■ . 4176398 

AC 

F ■ . 0998407 


n 
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Figure 7-7 presents the "worst case" Reynolds scaling effect on two cases; a 3 jet 
pitch up case and a 3 jet pitch down case. Reynolds number scaling principally 
changes the roll control power. This adverse change principally occurs on the 
pitch up fin interaction with the fin and was derived from the data at 15 to 20 degrees 
angle of attack (Figure 7-6 o). Since entry is to be made at angles of attack above 
35 degrees, it is concluded that Reynolds scaling will not appreciably change the 
entry control effectiveness. RTLS roll control effects, however, need to be examined 
in the light of this "worst case" effect. 

7.6 VEHICLE C.G. UNCERTAINTY 

Figures 7-8 to 7-10 present the effect of CG misalignments in RCS effectiveness 
in the sample cases of 3 jets in pitch-up and pitch down at nominal entry conditions. 

If the center of gravity is higher than predicted there will be some loss in roll 
effectiveness from tue pitch down jet cluster due to the sizeable amount that results 
from nozzle cant generated side force, on the order of 5% of the thrust moment for 
1 foot of error. The error in lateral C . G. location will also change the roll component 
as is shown in Figure 7-10. However, a pure roll application will be self-compen- 
sating since the jets clusters will be on opposite sides rather than the same side as 
computed in Figure 7-10. 

7.7 ATMOSPHERE UNCERTAINTY 

All predictions shown in this section and made by the analytic program are done using 
a 1962 standard atmosphere condition. The seasonal high and low means and 1% 
extreme values for temperature and density obtained from the 1976 standard atmos- 
phere (Reference 11), were used to change the standard day conditions for the 
entry test case at 280, 000 ft. and the entry test case was recomputed. Figure 7-11 
shows that seasonal means result in a variation in entry dynamic pressure at the 
altitude from 2. 9 to 6 pounds per square foot and the two standard deviation extremes 
increase the range of dynamic pressure from a low of 1. 7 PSF to a high of 7. 3 PSF. 
The 3 jet on one side case momentum ratio at the standard atmosphere condition has 
a value of . 0945 so that there is no extrapolation ol interaction data. The lowest 
temperature/lowest density conditions result in lower dynamic pressures and an 
increasing momentum ratio to a value of . 27 at the lowest extreme. The limiting 
parameters on the interaction curves fits, however, keep the interaction terms 
relatively constant and the thrust begins to predominate. Thus the control amplifica- 
tion shown in Figure 7-11 increases at the lower dynamic pressures. The higher 
temperature /high density conditions result in an increasing free stream dynamic 
pressure and a reduction in momentum ratio to a value of . 064. There is no extra- 
polation in the interaction curve fits moving in this direction, but the interaction 
terms are becoming more important as shown by the declining control amplification. 
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The cross-coupling term which comes into play in the symmetric pitch case shown 
In Figure 7-11 is subject to considerable extrapolation since the limiting momentum 
ratio is . 03 which is exceeded by all conditions at this altitude. It causes about a 
10% reduction in pitch amplification using the present . 03 limit on the curve. 

Confidence that the predicted value and the error band are cor. . improves with 
increasing dynamic pressure since there is no extrapolation cf data involved. This 
curve points to the RTLS case as the case of lowest ECS control power and the 
desirability of staging at as low a dynamic pressure as possible under that condition. 
This curve shows that a large variation of roll controll amplification will result in 
flight if standard day performance is used to make predictions fuel requirements. 
Similar comparisons of yaw control yaw amplification showed essentially no eftect. 

7.8 EXTRAPOLATION UNCERTAINTY 

The flight data of the preceding section section showed that no extrapolation of 
single side data was required at the standard day 5 PSF entry condition but that 
it was required for lower dynamic pressures. The analytic program was modified 
to remove all constraints on curve extrapolation and the case of Section 7. 7 was 
repeated. The results of allowing unlimited extrapolation are shown in Figure 7-12 
'where no problem is seen down to a dynamic pressure of 2 PSF. The roll amplifica- 
tion curves start to break at 2 PSF as the interaction terms grow in an unbounded 
manner. The vacuum solution will be an amplification of negative infinity for these 
unbounded solutions which the OA99 vacuum data shows is unreasonable. The higher 
dynamic pressure cases where the extrapolation is limited to the symmetric pitch 
down cross-coupling remain the more critical in terms of lowest control amplifica- 
tion. The cross -coupling term for symmetric pitch down cuts the pitch amplifcation 
by nearly 25% of the thrust moment and this points out the need for better symmetric 
pitch simulation especially for the higher dynamic pressure RTLS case. 
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FIGURE 7-ld DIFFERENCE OF AVERAGED DATA (MA22/0A82-0A169) 
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FIGURE 7-le DIFFERENCE OF AVERAGED DATA (MA22/0A82 - 0A169) 
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FIGURE 7 -2a NOZZLE N49 MEAN INCREMENTAL DATA FOR 
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FIGURE 7-3b NOZZLE N49 STANDARD DEVIATION OF TEST 
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FIGURE 7 -3c NOZZLE N49 STANDARD DEVIATION OF TEST 
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FIGURE 7-5a NOZZLE N49 AXIAL FORCE CHANGE DUE TO REYNOLDS 
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FIGURE 7 -5b NOZZLE N49 NORMAL FORCE CHANGE DUE TO 

REYNOLDS NUMBER 
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FIGURE 7 -5c NOZZLE N49 PITCHING MOMENT CHANGE DUE TO 

REYNOLDS NUMBER 
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FIGURE 7 -6b NOZZLE N52 YAWING MOMENT CHANGE DUE TO 

REYNOLDS NUMBER 
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CONCLUSIONS 

Analyst* of wind tunnel data has shown that the aerodynamic interference between 
the aft mounted reaction control system plumes and the flow over the vehicle is 
sufficiently large to adversely affect vehicle control during low dynamic pressure 
flight. The data was analyzed to show that the interference terms could be related 
to nozzle flow simulation parameters and a prediction model was developed. This 
model predicts the total RC5 control moment as the sum of the thrust term, an 
impingement term, an interaction term, and a cross coupling term. A program 
which incorporates this model has been written and is documented in this report. 

8. 1 STUDY CONCLUSIONS 

1. Interactions between the pitch down jets and the external flow over the 
vehicle are shown to correlate best with an equivalent nozzle momentum 
ratio. 

2. Data from many different geometry nozzles could be correlated together 
when the momentum ratio parameter accounted for each nozzle discharge 
coefficient. 

3. The pitch down interaction data correlated well when broken in 5 degree angle 
of attack intervals and this eliminated any discontinuities in the model. 

4. The OA169 data correlated well with the MA22/OA82 data eliminating Mach 
as a parameter. 

5. The pitch up interaction data correlated best with the momentum ratio 
parameter. 

6. No peak value was found at low angles of attack for the pitch up longitudinal 
plane data. 

7. Peak values were found in the pitch up lateral-directional data. 

8. The peak values correlated well with momentum ratio and occur below 
15° angle of attack. 

9. The longitudinal pitch up increments and the lateral-directional data above 
15° were broken into 5° angle of attack intervals which were correlated to 
momentum ratio. 

10. The OA169 test data for pitch up interaction agrees well with the MA22/OA82 
data. 
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11. The yaw jet Interaction* correlated beet with a mass flow parameter in 
which number of nozzles in a cluster is not a part but the nozzle exit angle 
is a part. 

12. The OA169 test data and yaw Interactions agreed well with the MA22/OA82 
test data. 

13. The yaw data was broken into 5* angle of attack intervals for correlation. 

14. Trailing edge up deflection of the body flap results in increasing pitch 
interaction for the pitch down reaction control. 

15. Trailing edge down deflection of body flap resulted in no measurable change 
in RCS interaction. 

16. Trailing edge up deflection of the elevon decreased the RCS pitch and roll 
interactions for pitch down and yaw R n S, 

17. Trailing edge down deflection of the elevon increased pitch and roll inter- 

actions for the pitch down and yaw RCS. 

18. The only measurable cross -coupling between RCS controls was for the 
symmetric pitch down case. 

19. Possible sting interference effects need to be resolved in the pitch down 
cross coupling data. 

20. Symmetric pitch down cross coupling needs more data to refine the model 
since data was only obtained over a limited range of momentum ratios. 

21. Error bands were established for all data correlations and were shown to 
agree with error bands for all possible difference combinations. 

22. Is'o Mach Number effects could be found in the RCS data. 

23. Reynolds Number effects were shown to be slight for the entry case but of 
possible importance for RTLS. 

24. Uncertainty in vehicle center of gravity was shown to be not important. 

25. Atmosphere uncertainty must be considered in determining propellant 
requirements for the entry case and will result in considerable changes 
in the expected control response. 

26. The RTLS abort maneuver appears to provide the most adverse flight 
conditions for RCS effectiveness and atmospheric uncertainty may be 
very important for this condition. 

27. With the exception of symmetric pitch down cross-coupling, the most 
critical case of high dynamic pressure involves no extrapolation of the 
test data giving high confidence that the data correlation will predict 
the true flight value. . 
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8. 2 STUDY RECOMMENDATIONS 

blade mounted model be built with a better representation of base geometry 
evaluate sting interference. 

2. A vacuum chamber test of symmetric pitch down RCS be performed with a 
good base geometry representation (no sting) to evaluate symmetric pitch 
down cross-coupling in the base region. 
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APPENDIX A 
PROGRAM LISTING 


ORIGINAL PAGE 18 
OP POOR QUALITY 


PROGRAM Pl<Fj< INPUT. OUTPUT. TAPEhsINPUT. TAPE6S0UTPUT.TAPF4A) 

C 

C 

PEAL kiInF • 

HEAL nONuZU , NONOZP . NONOZY . M 0N07UL . NONOZU* . UcNO/PL » NoNOZOR . M OUO? YL » 
1M0N02.H 

WMfcNbtUU S 10 TO If.) 

COMMON /CONST /PlE.PAOtAN.QI.Ul »ViO 

C0MMUIi/OKP 2/UNX ( 000 ) »t)NY ( 300 ) . ONZ ( 300 I » A ( 30u ) » f ( 300 ) . Z ( 300 > . 5L0C t 3 
10U) .0 

(;OMMO l ./tKROK/SIG.5IbM(2.6> »SlGlN<3>b) .S1GIM»3,*,) *SIOTH<3.b) 
COMMOu/uP/HONOZU. NONOZUL » NONOZUK . OS T ARUM . OST ARllL. AExUL . AEXUR , 
1KMFS0L . k -IFSUK . OXNOZU » DYN07U , UZNOZU . 

2XMEUL , <«uUR . Y«EUL . YHLUR . ZRFUL . 2HEUR 
CUMMOn/URN/NONOZC). NONOZDL .MONO/OH * OS TAROL .PS TAkOR » AEXCL. A£XOR . 
IRMFSOL » RMFSuk . OXNOZD . 0 YNOZO . OZNOZP . 

2XKLUL . XktCP . YHEOU » YHEDR » ZRFOL . ZRf PR 
CUMMOu/S ICE/NONOZY . NQNOZYL .NONOZ YR . OSTAHYL » UST ARYR . AEX YL . AEXYR . 

1 ► Mk t L . P MR YR . DXNOZ Y . 0 YUOZ Y . OZNOZ Y . 

2XHEYL . XHt YU , YRE YU . YHtYR » ZREYL . ZRE YR 
COMMOn/RLT /MINF .PIMP » TINF . AUPH. I OPT .01 .HI . VINF , THRUbT » INEXT 
COMMOn/KEF/SHEF . C . rl , aC ALE . XRE . YHE . ZHE . OXNOZ » 0 YMOZ . 0ZN07 . DXNOZZ . 
lOYNOZi.UZNOZZ 

COmmOu/nOZ/XMJ. GJ . AKU. A j£ i POJ » R J , TOj . TURN. OS TAR . AN. THtTA.DEX IT . 
UIHP.uCuEF 

COMMUn/A/POW . POW l » PUT . T1 » PZT 

COMMOn/LONTk/UELTER . OELTE t . XELV . ZELV ► XFLA .ZFLAt 
lOELbF 

COMMON/ THCOEF/ CXU»CZU»CYU,CMU.CNU»CLU»CXD.t2U f CYD.CMG.CNP.CLP. 

I CXY.CZY.CYY.CMY.CNY.CLY 

COMMON/ TOCOtF/ CXT.LZT.CYT.cMT.CNT.oLT 

COM.viON/FIT r ,/ CZIPL ( 10.7) .CAIOL( 10.7) .CMIOLdO.7) »CLI0L(1()»7) , 

1 CNIUU 1U.7) .CYIDUU0.7) . CZI YL ( 10 » 7 ) . CA I YL 110 , 7) . CMI YL ( 10 . 7 1 . 

2 CLIYuUO.7) .CNIYLI10.7) .CYIYU10.7) .CZIUHI10.7) .CAIUhllO.’) . 

3 CM 1 Ul I ( 10.7) .CLIUMI 10.7) .CMIUHI to. 7) .CYIUHU0.7) . 

4CUPb< it 7 ) 

COMMOu/UCFLtCI /CLP 30 110.7) »CZP 50 ( 10 . 7) »CMP3u(ln.7) .CAP30I 10.7) . 

1 CZPlOdO.7) .CLP10I10.7) .CMP10U0.7) .CAP10U0.7) .CMPHI10.7 

2) .LZPC.UU.7) »CMY10( 10.7) .CAY10U0.7) .CZYtOdO. 7) .CLYlOl 10.7) , 
3C/Y30U0.7) ,CAy 30( 10.7) »CLY30<10»7) .CMY30( lu . 7 ) 

0ATAUi.lF/l.A/.RIMF/bJ.3/.PTE/3,1415926/.RI/S3. J/.GI/l .4/.0RC/0 ./. 
lkAOIAn/b 7 *29btt/. GO /32» 174049/ »TLAT/0»/« IN/ 5/ » I IN/1 / 

100 CONTINUE 
CALUnPUTT ( 1 IN) 

IlNsz 

101 CONTINUE 
CALLINPU TT t i IN) 

AN S , 7bb4*UEXIT**2 

CALL uE) (GJ.AKJ.POJ.PJ.TOU.TJ.XMJ.AN) 

AEXUL=An*NOnOZUL 
AEXURsAN*IIONOZUR 
AEXUL4!AN*NOnOZUL 
AtXUk— A n*NOnOZOR 

aexyl=an*nonozyl 

AEXYKsAn xNOnOZ YR 
0STAR=SuRT(4,/P1E*AN/ARU) 

OSTAf<uL=l)STAH*SQRT(UOMOZUL) 

OSTAkuHsUSTahxSORT ( liONOZUR ) 

OS T ARoL=iJST A t< *SURT ( NOMOZOU 
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UST AKUR2U5Tah*3QRT (NuNOZDP) 

OSTahyL2USTak*SURT INONOZYL 1 
D5TAkiRs1)STAR*S0RT!N0N0ZYF> 

C 

I1NSJ 

l CON f l Milk 
C 

PKINI 4000 
4000 FORMA I ( 1M1 ) 

CALL1hPUTT(UN> 

C 

60 TO (bb*b7»o0*b9> > tOPT 
bb CON I In Jt 

CALL «TMySlHl#TT#PlNF#RH>r>O&#AO»100,»DUMl.Ab,A9»<»»O0fTSfTL»T*0RC) 
PINF2HIHF/I44. 

T INFs |T 
V INF 2l-i INF* SOS 
GO 10 6-* 
b7 CONTINUE 

CALL MMOS(Hl*niPINF*RH{SOS»A«*VlflF.MlNF*Ab,A9.G*GO»TS»rLAT»Of5€> 
PINFspINF/144. 

MINFSv INF/SOS 
TINh'st t 
GO TO bV 
bfl CON T tNUt 

CALL ATmOSTtll *TT»PINF iRH*50S* AQ» 100 , »0UMI , Ao, A9*C»G0# TS» TLAT , ORC ) 
PINFsH INF/144 • 

Olsul/144. 

MINFsbUKTl0l/(0.7*PINF) I 
T INF z | r 
b J CONtINUE 

01=0. 7*144, *P1NF*MINF**2 
1020 

iF(oi.t:u.o.)i02i 
IFIOl. to. 0. )OISO, 00001 

IFIPINF.LO.O. 1PINF=UI/I0.7*144,*MINF**?I 
C AELEX.P AN ( uJ » PO J r P I NF . XM J , THET A , TUKN ) 

PRsPJ/PlUF 

PKFS2FR 

C JET MOMtnTuM RATIO 

RMFS2bJ*HJ*AMJ**2*AN/GINF/PINF/MINF/MIMF/SRtF 

RMFSUL=KMFS*NONOZUL 

RMFSUK=hMFS*i|0N02UR 

RMFSUl=KMF5*NON0ZDL 

RWFSuK=K.iFS*NONOZCR 

THKUbl = PZ I +AN* (P J-PIMF ) *144 ,0 

TCOEF sTHKUSt / oi/sref 

PIUNI 4006 

printoooi • scale 

bOOI FOKMA-l (JIHOIlit SCALE OF THIS SOLUTION IS ,F*0.t0) 
PRIN1 o46<J*5kEF»M.C 

0868 FOKMAI (IoHAkEFEREN'CE AREAS, F15. 7,21HS« FT REF SPAM s,Fl5.7,?2 

1HFT REF CHOKU =.F15,7»2HFT> 

PRINT 5006 
PRINT 4001 

4001. FORMA I ( 1U0 * 24H NOZZLL CHAR AtTEP ISTIcS ) 

PRINT4002#OtXlT,ARJ, THETA, VMJ 

4002 FORMA | ( ltlO , 9H EXIT t)I A.FI2.4, 16H CXPAHSION RAT IO,F U .4 , 1 1H EXIT AM 
IC'LE,H2.4, Ijh NOZZLE MACH ,FIS.4) 

PPjsROJ/UCOtF 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


PKINC40U3. THRUST .PPJ.PJ.GJ 

4003 FORMATUH0.7II THHUST.F20.A. 14H CHAMuER PRESb»Ft2.4» 11M EXIT PRESS. 
lF20,o»14H EXHAUST GAMMA »F12 .4 ) 

PKlN!u0U2*0c0EF 

U0U2 F0HMAK34M0 NOZ*LE DISCHARGE COEFFICIENT IS »F20,10> 

PRINT 3U')fa 
PRINT 40 04 

4004 FOMMAI (1H0I4JH FREE STREAM CONDITIONS! 

PRINT 3006 

6HU4 FORMAT 1 1H0 * 11H VELOCITY 5, Fib, *5) 

OUUb FORMAi ( 1H0, loH DYNAMIC PHFSS S»Fl5.b> 

0006 FORMAT ( 1H0 , IOH MACH HO s.Flb.S) 
o«07 FORMATUHO, UHALTITUUE “ »Flb,b> 

IF 1 10.' T ,UT , 4 )PH INTR807.HI 

IF( IORT,t.G.l,OH,IOPT,E0.4)PRlNTflU86»MlNF 

IF ( lUHT • EG , 3)PR INTBtiOij.Ul 
IF ( iUPT ,CQ»2)RRINT8o64 » VlNF 
PRINT7000 iAlPH 

FOUO FORMA I ( lRHfl ANGLE OF ATTACK S.F15.7) 

PRINT JO 06 

PR IN T 700 1 * PtiLTEL . OELTER 

7UU1 FORMAT UtHOtLfcVOM AfJGLES.LEFT =#F15,7.1oH RIGHT = »Fi«S,7> 

PRINT 3006 
PRINT 70u2*OtL«F 

7002 FORMAT <23H0b00Y FLAP DEFLECTION s.F15,7> 

PRINT 3U06 

PRlNT40Ub.PINF.MIUF.GlNF.ALPH 

4005 FORMAT (1M0»IIH P IHFINI TY.F2U.B.9H MACH INF.F12.4.6H GAMMA.F12.4r 
ItSHANGLe. OF A f TACK. FI 2. 4 > 

PRINT 40U6.PR.RMF5. TCOEF 

4006 FORMA) (1H0. 14HPRESSURE RATIO. F20 , B. 15H MOMENTUM RATIO »F20 . A . 13H TH 
1HUST COLFF.F20.0) 

RTRAI=Rm*TJ/ (RIaTINF) 

RTUHTUIOJ+HTRAT/TJ 

POJPIi,=HOJ/PINF 

PRINT4OO7.RTRAT.P0JPIM.Ol 

4007 FORMAT UOHO RT RATI0.F2Q.B.9H POJ/PINF .F20 .6 . 25HFREE STREAM DYNAMI 
1C PKE^S.F20.a) 

PR1nT400«»RTOKTI 

4008 format (1 7ND(R*T0J)/(R*TINF) ,F1 J.5) 

F-‘MH= TwJ/GI *RI/RJ* T INF/TJ* ( ( (PJ*XMJ*ANI / ( D I NF*MJNF*SREF > ) **2>* 

IS I I'M THE! A/RAUIAN) ) 

FMRSb.,HT IFMR) 

FMRTLsFMK 
FMHTMsFhR 
PRINT 3006 

ARCbSTHRUST .NUNOZUL/UI/ ( SCALE**2> 

PRINT bU 0 1 » NONOZUL . RMFSUL .ARCS 
ARCb=|HKUST*N0N0ZUP/Ol/(SCALE**2) 

PRINT S002.N0N0ZUR.RMFSUR .ARCS 
ARCb= I HHUST*NONOZDL/OI / ! SCALE**2 ) 

PRINT !jU 03 . nONOZOL . RMFSDL .ARCS 
ARCS= flmUST *NONOZDR /U I / ( SC ALE * * 2 ) 

PRINT 6004 . mONOZDP . RIlFSOR . ARCS 
ARCb=|HRUST*NON0ZYL/0I/«SCALE**2) 

PRINT bUU5 » nONOZYL . FMHYL .ARCS 
AHCS= I HmuST .NONOZYR/OI/ t SC ALE**2) 

PRINT 60Ub.N0N0ZYR.FMRYR.APC3 

bOO 1 FORMAT ( dbHO PITCH UP LEFT NOZZLES s.FA.O.lOx. l4HM0MtNTMM RA f I0.F20 
1,0.10 a. IOH IIIRUST COtF(lSPFT) .F15.6) 
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tiO 112 FJHMMIU'iHO HITCH UP HOHT 5»Frt,0» lOx* luM'AOMtNT'jM «ATIO*F?A 

TmKIJST COLFUSOFT) »FlS.b> 

3(JtJ J FOHMA t { <bHO HITCH OM LEFT N022LES SiFB.O* 10X* UHMOMfcMTIlM HAT IO#F?(1 
* l,rt»iOA»l9H THHUST COtFUS«FT) »F|5.b> 

bt)U4 FOHMAIUbHT) PITCH ON HOhT N022LES s#FA , U* lOx, 14HM0MENTNM RAT10.F20 
l.df IOaU'VH THHUST COEF ( ISOFT) »FlS.b> 
bOUb FORMA | ( «;bHO yAw LEFT N022US s,FA,0* 10X# UHMASs FLOW PAT .F20 

t.rt*10x*lW THHUST COEF ( ISOFT ( »Fl5*b> 
bQUb FOHMa I ( «;SHO YAW WIGHT N022LES = iF A ,U» 11 a, IwH^ASS FI.Ow RAT *F?0 
1.0* lux, l 7H THHUST COtFUSOFT) *Fl5.t>) 

Prtlnl oiiub 
PKIUljubO 
t'Hiut jtml 
PWlNUOtxi 
PRINT JijSJ 

JUbO FOKMAHb&HO HOIJY AXES FORCE AND MOMENT COEFFICIENTS ARF OUTPUT ) 
JObl FOHMA f ( bbHO SION CONVENT ION*XPOS l T l VE FwO *2 POSITIVE DOWN *Y POSI 
1TIVE tllOHT J 

J0b<i FOHMAM&THfl HITCH + NOSE UP *ROLL + WIGHT- WING DWN*YAW + NOSE RI«H 
IT) 

iObJ FOHMA) ( itJHOMOMENT REF C£NTER»XS107G . 7 2507b. ) 

C COk.HU ft THHUST MOMENTS 

CLJ5U ■ 

CLU=(J. 

CLYSU. 

CMU=0. 

CMU=0. 

CMYSO, 

CI4US0 . 

CNOsu. 

CNY=0. 

CXUsU. 

CxU=U. 

CXY=U. 

CYU=U. 

CYOSO. 

CYYsu. 

C2U=0. 

C2U=U, 

C2Y=0. 

1)0771 1 Si * 3 
P INF s PIUF* 144,0 

CALL |HK(IT*CXT»CYT*C2T*CLT*CMT*CNT) 

PINK = PIhF/ 144,0 
IF{ IT.Nt.DfaO TO 7b 
74 CLUSCLT 
CMUsCMT 
CNU=LnT 

Cxusl* r 

CYUSLYT 

czusCt r 

00 10 77 

7b IF ( i I ,Eu.3)oO TO 7b 
CLU=CLT 
•CMUs^.T 
CMUsCiiT 
CXU=LxT 
CVU=CyT 
C2L)=L<.T 
Go 10 77 
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CLTSLut 

CMYSLMT 

CuY*LuT 

CXYSCAT 

cvv*t*r 

czysczt 

77 CUNllMJt 

C COMPUTE. PLUME IMPINGEMENT MOMENTS 
CL I musii. 

CLIMUS". 

CLtMtSII. 

CM1MUSU. 

CMIMUSI), 

(.MJMysU, 

CIIIMUSU. 

CNIMOsil, 

CNIMY-l). 

CXIMUSO, 

CXlMUSO, 

CXIMY-O, 

criMu.D. 

C Y I MUSH . 

CYIMYilJ, 

CZIMt/SU. 

CZIMO-O. 

CZIMYSO. 

OOIB«UTSl*3 

CALL JMPIUOt I T.CXT.C YTiCZTfCLT f CMT»CNT ) 
IF(IT,‘4u.l)«jO TO 18? 
lBb CLIMUSCLT 
CM I MUSC Ml 
CUINUSCNT 

cxiMuscxr 
CYIMU5CY r 
cziMusc^r 
GO TO IB 1 # 

1B7 lFlir.Eu.3)t,0 TO lflB 
CLIMOsCLT 
CM1MU-CMT 
CNIMOsCUT 
cximusca r 
CYIMOSCY r 
CZIMOsCil 
GO TO 1B9 
IBB CLIMYsCLT 
CMIMYsCMT 
CUIMysCUT 
CXIMYsCxT 
cyimyscyt 
CZIMYsCZf 

is i continue 

ISO CONTINUE 
CLINUill. 

CLINU2U. 

CL I NY SO . 

CMINUsn. 

CMINUSO. 

CMINTsi). 

CNINUSII. 

ClIiNUSO. 
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Cl It NY -'it 
CXINULO, 

CX1N05U, 

CxlliYin > 

CYINUSIIt 

CYINUsiit 

CYlNYiO. 

CZINusO. 

CZINUSO. 

CZINtsO, 

C COMPUTE RLUhE INTERACTION MOMtHTS 
IF< iU,£utl>oO TO 204 
D02U31TS1 i 3 

call iNitn(n»cxn.CYa.czB.CLb#CMR,CNu) 
IFdr.UL.UuO TO 201 
ZOO CLiNU-CLri 
CMlNUsCMu 
CNINUSUJH 
CXINUsCxU 
CYINUsCYd 
CZINUSCiU 
00 ro 2u3 

201 IF ( IT ,Ew» 3)00 TO 202 
CLINUsCLJ 
CMlNUsCMil 
CUlNUsCNU 
CxIUUsCaB 

C YlNUSCfli 
CZINUsCzb 
00 10 203 

202 CUNYSCLli 
CMINYsCwH 

cniuyscnb 

CXiNYsCxd 

CYlNYsCYH 

CZINYsCtti 

203 CON f IiiOt 

204 CON ( iNUt 
210 CONT luUt 

C COMPUTE rfijLIlPLe. AXES CROSSCOIIPUNfi TERMS 
• CXCCUiO. 

CxCCUsOt 

CxCCrsO. 

CYCCUSO, 

CYCLUsO. 

CYCCYsO • 

CZCCusO. 

CZCCO-0, 

CZCCYsO. 

CUCCU=U. 

CLCCU=0. 

CLCCY-iJ. 

CMCCU-ll • 

CMLCUSO. 

CMCCYSil. 

CNCCUsU, 

CNCtusil. 

CNCCYsO, 


CALL (.Co'JPl. (2.CXCCD,CZCCD,CrCCU»CMCC0»CHCCU.LLCCni 
211 CONlluUt 
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C LOMPUlE TOTAL FORCES AMO MOMENTS 

CATstAU+i-xnfCXY+cxiMytcxi^n+cxiMv+cxiNii+cxtuD+cxiMT+cxccut 

1 CXCCU+CXLCY 

CYTSCTU+CYO+CYY *CYlMUtCYl , ' r '+CVIMY+C Y INU+CYINU+CYINY JCYCCU+ 
ICYCCO+CYCCY 

Cxr*C4U»C^O+CZY+C?lMu+CElMf'+C2lMY*CiIHH+CElNO*C2INY*CZCCi)* 

iCZCCU+CzCCY 

CUTs(.uJ+(.LD*CUY+CLIMU+CL1 w O+CUMy*CU1M'I+CLINO+CLIMY*CLCCii* 

|CLCCU*CLCCY 

CMTsCi. l U*CMO*CiAY+CMlMU+CMlMn+CMlMY+CMINO+CMIUO+CMIMY+ClkCCU+ 

lCMCCU+OCCY 

CNTSt.«,Ut(.NN+CNY+CNIMu+Cf 4 lMnKNlMY».rN|HH+CNlNlH<;NINY»CNCC'l+ 

icnicu+cmccy 
PRINT 5 UU 1 

3001 FORMA) ( 14 HO THRUST TERMS) 

PRINT 3002 

30 U 2 FOHmA 1 I IllO . 17 X. 14 HR 0 LLING MOMENT . 3 X. 15 HPITCHING MOMENT . SX . 13 HYAWIN 
1 G MOMENT * 7 X* HM X FORCE.OX.tOH Y F 0 RCE.OX. 12 H Z FORCE) 
PHIN) » 0 U 3 . CLU.CMU* CNU. CXIJ.CYU.CZU 
PRINI 5004 . CLO.CMO.CNO.CXO.CYO.CZP 
PRINT 3006 . CLY .CMY.CNY .CXY.CYY »CZY 

3003 FORMA | ( 14 H 0 PITCH UP »AFl».b> 

3004 POHMAl ( 14)10 PITCH DOWN . 6 F 10 . 6 ) 

300 b POHMAl ( 14 H 0 YAW . 6 F 18 . 6 ) 

PRINT 30 Ub 

300b FOHMAHbbHOxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXYXXXXXXXXXX) 
PRINI 3007 

3007 POHMAl U 1 H 0 IMPINGEMENT FORCES ) 

PRINT 3002 

PRINT 3003 . CLIMU.CMIMU.CNtMU.CXIMU.CYtMU.CZlMlI 
PRINT 3004 . CUMD.CMIMO.CNIMO.CXIMO.CYIMO.CZIMO 
PRINT 300 b. CLIMY.CMIMY.CNIMY.CXIMY.CYIMY.CZIMy 
PRINT 3000 
PRINT 3000 

3000 FORMA I ( 19 H 0 INTERACTION TERMS) 

PRINT 3002 

PRINT 3003 . CUNU.CMINU.CMTNU.CXINU.CYINIJ.CZINU 
PRINT 3004 . CLIMO.CMIND.CNIMU.CXINO.CYIND.CZINU 
PRINT 300 b. CI-IMY.CMIHY.CNINY.CX 1 NY.CYINY.CZINY 
PRINT « 00 b 
PRINT 3 u 0 « 

300 ) FORMA I U 2 H 0 CROSS COUPLING TERMS) 

PRINT 3002 

PRINT 3003 . cLCCU.CMtCU.CnrcU.CXCCU.CYCClJ.CiCCl) 

PRINT 3004 . CLCCO.CMCCD.CMPCD.CXCCD.CYCCD.CZCCi) 

PHlNr 300 b» CLCCY.CMCCY.CNCCY.CXCCY.tYCCY.CZCCY 
PRINT 3006 
PRINT 3 olO 

3010 FORMA I 1 14 H 0 TOTAL VALUES) 

PRINT 3002 

PRINT 3011 . CLT.CMT »CNT .CXT.CYT *C 7 T 

3011 POHMAl IlHO.llX.OFlrt.b) 

PRINT JOOb 

• DObOOlCOHSl.t, 

SIG 30 t 

DOSOOlAnISs ) .3 

SIo=bib+SIf?lN(IAXIS.lC 0 M)** 2 +SIGIMUAXIS. ICuM) ♦ * 2 +<-,ir,T« 1 IAVJS, TCOM 
1 > * + 2 

bOO CUNT llilJL 

SIGTO l ICOM ) sbRRT 1 Slo) 
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GoTO(;r*it39« r# 393.*j94*593* , >9b>*IC0M 
39l PHInTo i9l*St<,TOUC0M| 

3991 FOHMAI UHU.loHSTO ULV OF OX S .F15.7) 

oo to moo 

39* PHlNTy'i9*!*SiOTOUC0M> 

3992 FOHMA I < 1*10 * IbHSTO OEV OF C? s *F15* H 
GO fO 600 

393 PHINtVI93»Sltaf0UC0M) 

3993 FOHMA J(lHO*lbHSTI) 0£v OF CM s .F15.7) 

00 TO nOO 

394 PH IN T 3444 .SloTOtICOM) 

3994 F0HMOI (1H0* IbHSTO OtV OF CL S .F15.H 
00 ro bUU 

393 PHlHISj‘»93*5H»rO(ICOM) 

3995 FOHMA |(1H0* IbHSTO OEV OF CN s .F15.7) 

00 to hOO 

396 PHlNT399o*5lGtO( I COM) 

3996 FOHMA I (1H0* IbHSTO DEV OF CY X .F15.7) 
bOO CONI IliUt 

C CALCULAte AMPLIFICATION FACTORS 

CALL AHPL <l.AKXU.AK2U*AKYU,AKMU»AKNU.rtKLU> 

PH I Ml 50U 

3012 FOHMA I U3Hu AMPLIFICATION FACTORS) 

PHINT 3013 

3013 FOHMA | ( lH0#29X2HKL#16X2HKM,16X2HKNil6XaMKX#16X2HKY#16Y2HK?) 

PHInT 3043* AKLU* AKMU* AKfUN AKXll* AKYU* AK2U 

3043 FOHMA I 1 1H0 * * AMPLIFICATION** 10X* bF 13 . 7 ) 

PRINT 3006 
PHIMT 5006 

C ERROR ANALYSIS OF DATA UASEO ON 2 SIGMA ERRORS 
PRINt'yilOO 
PHINTvOOl 

4000 FOKMAKosHO THE 2 SIGMA ERROR HAND RESULTS IN THE FOLLOWING COEFS) 
9001 FOHMA | ( 33H0 *2 SIGMA COFF FIRST THEN -2 SIGMA DATA ARE PRESENTS 

UObbOlKKSl *2 
W=2. 

IF(ILK,GT.llw=-4. 

cxr=CAr+w*siGTO(i) 

C2TsC 4 r+W*SIGro(2) 

CMr=CMr+w*sioTOt3) 

CLT=CLT+W*S1GT0<4) 

CNT=Ci.r<-rt*SIGTO(R) 

CYTsCtT-*w*SIGT0(6) 

PRINT 5002 

PRINT Toll* CLT.CMT.CNT.CXT.CYT.C2T 
PRINT 3uOb 
bfaO CONT IliUt 
PRINT 3006 
PRINT 3006 
IIUxIuEaT 

GO TO (100. 101*1*61). UN 
bl CALLtAll 
FNU 
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6UMH0UT 1 '4 V ACPU) ( TUt. I * rtAt ’ * * M ** • p tOC • >1L0C • THAT) 

Cv>MMtWwO£/AtfiJ»GJ» AHJ# Aj£*POj»tf JtTOj* TURN »HbT All » AH» IW{ TA.PF XlT • 
UIMP*bCOtF 

IF I THtT «OT « IIJHNIOO TO 100 

PIEXi.UlOP 

P0H*PUJ*144. 

DbTAHxSwRT ( A Jfc/AR 0*4 , /Pit, ) 

HMOHHtH U.MOJ-i.)/2.*XPO**«)**(-l./(GO-l.) ) ) 

HOOF z ( 0 . yO-O >0000 16*Tt WH**2 ) / ( 2 . 0* ( 60**2 ) • < 1 • 0"tOS ( TURN/ 

i *»7,a9ben) 

KULlM^sbuJF/HHOHHE 

XUUMJXbwRTUUtIM2> 

XUtlMsxui.I M «!**0,667 

OCUUtSKMD/U'jrAH 

ExPON x <0tLiH£/X0UM2)**P 

IF IfcxPuH.GT.bfb.O) 60 TO 2 

FTHAf x tXP(-fcxPON) 

GO TO A 

2 FTHAf = 0.0 

i THAT X THfeT+HED*ASINU.n/XMJI*FTHAT 
4 IF( fHAf.OT. IUHiV)00 TO i.00 
Ttxo.oHUHM 
IFITt.Ul.feO.JTCsbO. 

TTTTTxPlt*Ty/0.7539t) 

FTHtf x JCyi,IPIE*THAT/TTTTT))**10.U 
IFlTHAr.tE.TC) GO TO * 

EXPONxO , 00« * I THAT-TC ) 

FTHtTA X EXPI-EXPON) 

F fHfcf x 0.042372*FTHETA 
b CONflitUt 
P0WX2, 

OCLIHt X HAu/USTAR 
IF(0tLlHE.Gfc,X0tIM2)i,0 TO 10 
IFtUCLlNE.tt.XOtlMjtbO TO 6 
IF(UCL!Nt.Lt.XUtIM)GO TO 7 

HHOKAlxh fHEr*0,b*(HHOHHE/ncUNEtBGJF/nCLIHE**2) 

GO TO a 
h CONIII.iJt 
POwXO.b 
BGOFxhHOrtHE 
GO TO lo 

7 t'MOHAf xKHOPhE*FTHET*U . S* < 1 • / (SORT (OcLINE) )+l./OCL!HE> 

go to a 

10 CONTluJt 

GHOKA T Xbb-JF * (UCLIlJE** ( -POW 1 ) ♦FTHf. T 

11 IF (HhwRaT ,G f , KHORNE 1 HHOR A TxHHOUHE 

XMPsbyHI t2./(G0-l.)*((RH0RAT**a.-GJ) 1-1.) ) 

PLOCxp0H*<U. + <G0-t.)/2.*XMP**2)**(O0/U.-Oom 
QtOCXOJ/2 . *PtOC*XMP**2 
GO TO lul 

100 XMPxloo. . 

PtOCXO. 

GtOCxu. 

101 HfcTUKu 
END 
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SUHHOu r l <E dt T < G AMU , APN , P^IO / , PMOZ • T tc . TC X » MMJZ . AN > 
DIMENSION PMO>'lMO)tCGt(3> 

COMMON/ A/PO * , PO* l . PH T • T 1 • P7T 

PE*L wNoZ 

pMinsi, 

PMU)S|, 

/Mt I ) -1 • 

MnOZ*1, 

OMX.l 

POWS I U AMI4» 1 . ) / 1 2 . • ( uAMN« 1 . )) 
nouuFsi.ioo 
MNOZSmNOZ+DM 
\A4r=((oAMNfl,)/2,).«P0* 

AASlSAAbf*MN04/« J1.+0.5*IGAMN-1 , )»MN02**RI *«POl*» 

AAStSl./AASr 

ZM(US2M2) 

ZM(3JsMn02 

Pi4U)sPM(2) 

PM(2)sP«(3l 

PM(j)=AAbT 

IPfAAbf.oE.AKNJOO TO 112 

111 CONUwUt. 

112 CAUL MAkUEO(PM,zM,CO£) 

MNOZSLOfc < 1 > not 12) *AHN+C0E(3) *AHfl**2 
AASTSJ lOAMN+l , )/?, ) *«POw 

A AS ! SA A<» r *MNOZ/ ( < 1 . ♦ U . 5* < GAMN- 1 . ) *MN02 ♦ *2 ) ♦ *POw ) 
AASrsl./AASC 

PNOZ-HONU2 / l U , +0 , 5* 1 0 AMN- 1 , ) *MNOZ* *2 > * * ( G AMU/ ( G AMN-1 . )>> 

P0WS2. *POW 

POwls(«iAMN-l,)/GAMN 

PKTsUNoZ/PoNOZI**POWl 

PKTSl.-PHT 

T t — 1 («■•/ (GAAiN 'l . ) ) **POW) *Pt *GAMN**2/ (GAMM-l . ) 

Pa fs Aw/ A AST ♦PUU0Z*5dKT ( T 1*PRT ) *144 • 

TEX5TEE/ ( 1 •+l).5*< GAMN-i . I *MN0Z*MN02 ) 

PUTUKN 

ENl) 


SUUMOuTHIE tuUICtX»C#Y. t#J*XFAI 
DIMENSION CIlOill 

CQMMON/tKKOK/SlGi SIGH (2*6) .SIG1N ( 3» 6 ) « SIGIM t 3r6> * 5 IGTH ( 3*6) 
C CUJIC CUKvt tOUATtON WHEHE C <1 *b)=LARGEsT VALUUE AULOWEO 
x lsx 

IP(X.LT.C(I#o))Xl=C(I.6) 
lF<x.or.t(l*&nxi=C(i.5> 
Y=cu»i)+xi*(cu# 2 )+xi*(cn»jj+xi*C(i.un ) 

IFId.tN.DOo TO 10 
X13X 

tF(X.uT.C(d.s)iXl=CiJ.6> 

IF(X.or.C<J.ijl )».i=C(J#5) 

Y=Y*U.-XFA) fXFA*(C( J# l)+Xl*(C(d.2>+Xl*IC ( J» 3) +X1*C (df *») ) ) ) 
10 SIGSCl If 7)*(l.-XfA)+XFA*C(J*7) 

RETUKw 

ENO 
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SUBROUTINE PAKCEOI Y#i)*Ct ;F) 

(UMfcNiluN Y(J) t D< 3) » CO ^F 1 3) 

C— — OJVkB COtFF’CIENTS FOR A .’’AHAHOUC FIT 
XI s r < l » 

X2 * r I <> > 

*3 a IU) 

0) s uU) 

02 x DU) 

04 s 0(4) 

FAC Tun s X**X3*X3 - X2*X?*X3 - X1*XJ*X3 + Xl*x2*X2 ♦ Xl*Xt*X3 

* - X1*X1*X2 

A l s X<*X3*X3 - X2*X2*X4 

A2 ’ a X3*X1*X1 - Xl*X3*X3 

AJ s X1*X2*X2 - X2*Xl*Xl 

hi s - X3*X3 

M2 s X3#X4 - Xl*Xl 

B4 a X1*X1 - X2*X2 

Cl a »3 - X2 

C2 a XI - XJ 

C4 = X2 - XI 

COEFU) s ( 01 *A 1 + U2»A2 + 03*A3)/ FACTOR 
COtF (c) a <U1*H1 + 02*02 ♦ 03*03) t FACTOR 
C0EF(3) a <ul*Cl * 02*C2 * 03*C3) / FACTOR 
RETURN 
EDO 


SUBROUTINE- txFAt\l(G»PT *PIT»XM» TMETNO. TURN) 

IFIPT.Lt.FI DUO TO 3U0 

TUKNXO,* 

Ola ( o»l • ) /fi 

02X2./ (0-1. ) 

G3sSUI< T ( ( G+i » )/(6»l . ) ) 

G4abUKT< (G-l, >/<Gtl. ) ) 

IFIPI f ,tO.O, )U0 TO S 

XMEabuiM (G2*( (PT/PIT ) **01-1 , ) ) 

XlabU«nxXE**2-l.) 

TURN=o7.295d*(«3*ATAN(G4*Yl)-ATAN<Xl) ) 

GO TO b 

b TURNayo.*(G4-l.) 

6 CONTINUE 
TURNLsTUKN 
XMExxm 

XIxSukT ( XME** 2 -l. ) 

TtJHNssj7 .295d* <G3*ATAN(G4*X1 )-ATAN(Xl) ) 

TURIjr)URWL” fUHN+THETNO 

RETURN 

300 TURNa | Ht TNO 
RETURN 

400 FORMA | (lH0#bF20,5) 

END 
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5UHK0UUUE JMH<I,CX,CY»C2*CL#C*»CN> 

COMMON/tRHOrt/SIG, SIGM( 2,6) ,SIGIN ( 3, 6 ) , GIGI'* ( 3,6) « SIGTH ( 3,6) 
COMMOi./uR/UONOZl), NONOZUL « MONOZUR , PST ARUR , DS f ARi jL » *EXUL , AEXUR , 
lPMFSUi.«KMFSUR,OXN02U,0YN02U,O2N0ZU» 

2XREUL * XhEUR * YHEUC » YRtUR » ZPEUL * 2REUR 
COMMOrvu«N/wON020 , M0U02DL » NONOZDR » OS f ARDL , OS T ArUP . A t XDL » AEXDR » 
1HMFSUL , RMFSUR * OXNOZl) , 0YU07D , 02M020 , 

2XKtt)L » XktCR , YREOL , YREOR » 2PE0L , ZREPR 
COMMON/ S,I0E/H0N0ZY,N0N0ZYL»N0N0ZYR»USTARYL»05TARYR»AEXYL»AEXYR, 
l MHYL»KMHYR,nXN0ZY,DYM0ZY»DZN02Y, 

2Xk£YL»XkEYR * YKEYL, YREYR » Z»FYL , 2REYR 
COMMOH/*-LT/Ml!)F, PINF,TINF,ALPH»IOPT,QI, HI »VINF, THRUST, INEXT 
COMMOw/kLF/SRtF ,C , B , SC ALE , XHE * YRE»ZHE* f'XNOZ , DYNOZ , 02N02 , DXH022 * 
10YNOZ4*uZH0ZZ 

C0MMUi<l/H02/xMJ«GJ, AHJ,AU£,POO,HJ,TQJ,TUHN,DSTAR, AN, 1HETA.0FXIT, 
IIIMP.bCOEF 

REAL uONOZU * N0IJ02D , HON0Z Y , M0N02UL , N0N07UR , UONO/OL , N0N07DR , M0N02VL , 
lUONOZfk 
REAL i-UNF 
9i 00 7 JS1 ,2 

CT1STmHUST/uI/SREF 
IFU.ufc.UGO TO 2 
IFU.tV.ZHiU TO 111 
11 nonozusnonozul 

XSXHEuL 
YSYKtuL 
2=2REUL 
GO TO till 
111 MONOioai'tUMOt.uR 
XSxHLOR 
YsYRtOR 
Z=ZktUK 

1111 IFINOHOtU.Ei.O. ) 00 TO 5 
CT3CU*U0N04U 
DXSUXU040 
DYSGYi.OZU 
DZsOZhOZU 
GO TO 4 

2 IFU.tO.JH3o TO 3 
IF ( J. to . 2)G0 TO 222 

22 N0NOZusN0N04UL 
XSXRtOL 
YSYRtuL 
ZsZkttL 
00 10 2222 
222 NONOZO-nONOZUR 
X=XRtUR 
YSYRtuH 
ZsZHtoR 

2222 IFINONOZO.Eo.O. > GO TO 5 
CT=L1 1*I,0N040 
nxsoxuozu 
0YS0YN040 
0Z=OZUO4O 
GO 10 4 

3 IF ( 0. to. 2) GO TO 333 
33 UONOZY=NONOZYL 

<=XRtYL 
Y=YKtYL 
Z=ZREYL 
GO TO 3333 
333 MONOZYSNONOZYR 
X=XKtrR 
YSYRLYR 
Z=ZRtrR 

3333 IF(NOI(04Y.Eo.O. ) GO TO 5 
CTsCTl »NONOZY 
OXSUXUOtY 
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0Y=UYuU4Y 
0£”DZIlO^ Y 

4 CXS-1.1 *UX 
CYS-Cf+UY 
Ci=-CI*U^ 
CUS(t<.»Y+CY*2)/fc> 
CMS(CX»C+C2*X)/C*<-1.) 
CNs(Cr*X-CX*Y)/B 

GO TO 6 

5 CXSO. 

CYSO. 

CZ=0, 

Cl=U. 

CM=0, 

CUSO, 

6 uO TO Ob 
CX1SCX 

CYlsCY 

C^lstt 

CUlsCL 

CM1=U>. 

CNlStN 
GO 10 ? 
bb CXSCX1+0X 
CYSCYl-OY 

CLsCU-tL 

CMsCHiftl'i 

CNsCNl-U* 

7 CONT I i4i Tt. 

PETUHN 

END 
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SUBKOUT 1ME iMPING(L>LX8>CYr|iCZB>CLB>LMH|CNR) 

COMMOn/CONS T/P IE > RAD I ANr G I » K 1 1 (iO 

C0MM0I1/GKP2/UNX ( 300 I >ONY < 100 ) >ONZ t 3u0 ) » X ( 30U) iYIIOO) >2(300) >SLOC(3 
l(iO)>U 

C0MM0I,/EHR0h/SIG>SIGM( 2>6> >SlGlN(3>o) > 51GIM( 3, ft , , s tbTHI 3 >6) 
COMMOh/UP/NUNOZU > NONOZUL > I ION02IIR > DS T ARi IR > D5 f Aki |L > AFXIJL > AEXI )R > 
1RMFSUL>KMFSuh>DXN0ZU>DYN0ZU>02N0ZU> 

2XKEUL > XKtUR # YKEUL > YKtUR > ZHFUL > 2HEUH 
CUMMOt./UWN/nONOZD > NONOZDL > N0N02DK , Db T APOL > ObT Af(OR > AEXOL > AEXDR > 
lRMFSUL>RMFSOU>OXNOZO>OYNO?n>D2NOZn> 

2XKEDL> xKEDR > YHEDL > YREDR > ZRCDL > 2REDR 
COMMOu/bICE/NONOZY>NONOZYL>NONQ2YR >QST ARYL >OSTARYR > AEXYL> AEXYR > 

1 MR YL > KMRYR > DXNOZY > 0 YMOZ Y > DZNDZ Y > 

2XRETL>XREYR> YHEYL> YHEYR > ZREYL>ZKE YR 
COMMON/f-LT /MINF >PINF > T INF > ALPH> IOPT>OI>Hl>VINF> THRUbT > I NEXT 
COMMOn/R&F / bKEF >C > B > SC AUE > XKE # YRE > ZRE > OXM02 , DYNOZ > DZNOZ >DXM022 > 
lDYNOZt>UZNOZZ 

COMMON/NOZ/XMJ>GJ> ARJ> A«JE>POJ>HJ> TO.J> TURN> DSTAP > AN> IHETA>OEXIT> 
1IIMP>0CuEF 

COMMOn/LONTK/UELTER >UELTEL> XELV >ZELV > XFLA > ZFUA, 
lOELbF 

REAL NONOZU > NONoZO > N0N02Y > NONOZUL > NONOZUR > HONO/DL , NONOZDR > NONOZ YL > 
1MONOZ T H » NONOZ 

DATAXFLA > ZFLA/—37 < 94 > 9>42/> XELV > ZELV/-2B#850 >11 .554/ >CCC/ , 0915172/ 
1900 FORMA] ( 1M0 > 2Ib>0F14 • 6) 

00 iauoiu=l >2 

IFtllRP.NE.lJGO TO 160 
C VACUUM PLUME IMPINGEMENT MODEL 
OFALTsl. -01/20. 

IF(0F«Cl . LE . 0 . ) GO TO 2000 

C A DYNAMIC PRESSURE decay IS FACTORED IN SO THAT THERE IS NO IMP IF 0 
C IS GREATER I HAN 20 PSF ON THE VACUUM MODEL 

170 TCO=THKUST/SR£F/QI*OFACT 
IF(L,hE.1)G0 TO 1720 

C PITCH UP NOZZLE MODEL 

171 IF ( I0.EU.2 ) uO TO 1711 

IF < NONOZUL. tO.O.J GO TO 2000 
YREsYREUL , 

XKESXREUL 
CZT-TLO* NONOZUL 
GO TO 1712 

1711 l F ( NUhOtUR . to . 0 . ) GO TO 2000 
YKfcsYREUK 

XRESXKEUK 
C 2 Ts T lO*NON02UK 

1712 CZB=+.0u08b*CZT 
CXB=.OOcBfe*LZT 
CMBs-.0007fl*CZT*xRE/C 
CLB=-.1J*CZ|*YRE/B 
CYB=+.0b23H*CZT 
CIMs+,0b93*CZT*XRE/B 
GO TO 1700 

1720 IF ( L.M, 3 > GO TO 173 

172 IF ( 10 ,Eu .2 ) GO TO 1721 
C PITCH Down NOZZLE MODEL 

IF(NONO2UL.lu.0, )G0 TO 2000 

XKESXREUL 

YKEsYREUK 

CZT=-ICO*NONOZUL 

GO 10 1722 

1721 IF ( NOnO^UP .EO.O , 1 GO TO 2000 
XKEsXKEUR 

YKE=YkEuK 

czt=-icu*monozdr 

1722 CZU=-.2730P*CZT 
CXH=-.1070P*LZT 
C Y6=-,01*)37+CZT 
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CMMS+, JUlH*c<i f *XRE/C 
CLU5-,25l2*LZT*YRE/U 
CNBs-.f>lt>57*C4T*XRE/0 
GO fO 1700 

175 IF(l<J,EU.2)uO TO 1751 
C YAW NOZ 4 U MOrit-.u 

IHNOwOiYL.tw.O. >00 TO 2000 

XHESAKtYL 

ZHfcsZt.ErL 

CZTs-ICu*NOiiOZYL 

GO TO 1/52 

1751 IP ( N0n 04 YR • tO • 0 . ) GO TO 2000 
XKtSXHEYK 

ZKEsZkEYK 

C2r=-1C0*»J0|(02YH 

1752 CXU=-,002bH«CZT 
C4B5-,01 d 34*C2T 
CY13S-.U0077+C2T 
CLbs+,U5‘<77«CZr*2RE/B 
CMU-+ ,00873*CZT *XRE/C 
CNU=-.U013*LZT*XRE/U 
GO TO 1/00 

IdO IFUIM.NE.2TG0 TO 185 
C NO IMPlNGtMEUT COMPUTED 
GO TO 2000 

185 CONTI nUt 

C NEVuTOiJlAM IMPACT IMPINGEMENT MODEL 
IFlL.Nfc.lTGO TO 2 

1 CONTINUE 
OXNOZsOaNOZU 
nYN02=DYN07u 
D2U025.IT2N02U 
DXN06 a=1. 

DYN02tSl . 

0ZN044=-l. 

XKE=XREUL 

YKESYAEUL 

ZH£=ZhEUL 

DSTAKsOirARUL 

AJE=AbXUL 

DELTAe.=btLTLL 

U0NQZ=NuN07UL 

IF(1U.LT.2> GO TO 4 

XRfcsXKEl/K 

YHESYwElM 

ZRfcSZKtUK 

AJE-AtXUU 

OGTARsJi T ARgK 

OELTAtsUELTbR 

IIOMT4SNUl«TZUR 

GO TO 4 

2 IFlL.t'l. 5TGu TO 5 
DZNO.Z/iSl . 

0YN0^4=1. 

IJXNOZzai. 

0ZN0Z=t)4N0ZU 

DYNOasOYNOZu 

OXNOZsIT xHOZu 

XHtSXnt.UL 

YHtSYKEuL 

ZRfc=ZnfcUL 

AjE=AlXUL 

OSTAKilTbTARuU 

DEL TAlsUELTlL 

NONOZ=NONOZUL 

IFI1U.LT .2) GO TO 4 

XR£=Xh£UH 

YKEsYitEUK 

ZRt=ZMEUW 
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AJt-AcXUK 
OSTAKsObTAHuH 
OELTAtsUELTtH 
NONUZsNOnOZOR 
00 tO 4 

3 CONUnJE 

020024=1 . 

0YN022=1. 

DXN024S1. 

OZNOAsIUNOZY 

0YNo2=0YN0ZY 

OXNOZstHNOZY 

XHESXREYL 

ykesykeyl 

ZREsZIiEYL 

AJk.sAt.XtL 

QSfAKSttbTARYL 

OELtAtsueLYtL 

NONOZsUUNOZyL 

IFUu.LI.2t 00 TO 4 

XKEsxhEtR 

YMfcSYKfeTH 

2RES4KEYR 

AJE=AlXYR 

ObTAKsObTARYH 

OELlAtsOELTbR 

N0N0Z=NUil07TR 

4 IF (NONOZ «LE .0.100 TO 2000 
AJEsAJfc/bOR j (NONOZ) 

CXB=0, 

CYUag, 

CzH=U. 

CLHSO. 

CMOso, 

CMB=U . 

C FEGIN CALCUlA f IONS OF COEFFICIENTS AND DERIVATIVES 
i)UllbuIU=l » J 
030 I s lo 

XXIXSX ( 1 ) *SCALE 
YYITSY ( 1 ) *SoALE 

C CORRECTION TO Ntrt VERTICAL CO 
22 1 2= t Z ( 11 -2 • U6333 > *SC ALE 
SLOCCs bLOU I)*SCALE*SCALE 
ONXXlxsDNXI u 
DNZZ lZsONZU) 

IF ( IU.G I .23)00 TO 23 
IF 1 10, «t. 10)00 TO l'J 
C ELEVON UEFLECT ION CORPEClION 
IF (UELT At .Eu . 0 . ) GO TO 23 
UELt=LELrAE/b7.245Q 
.HCSXELV* SCALE 

ZHCsUELV + ClC* Y(IU))*SCALE 
00 TO 22 

C BODY FLAP CORRECTION 

19 IF<UllhF.EQ,U.)GO TO 23 
DELES0ELi3F/b7.29 r Rt 
XI(CsxfLA*SCaLL 
ZHC=ZkL«*r,CALE 

22 OHLsbuRt t ( X<IU)*5CALE-XMC)**2+< Z ( HI ) *SCALE-ZMC ) **2 ) 

XXlX-XHC-DHL*COS(PELE ) 

ZZI c ;ZHC+Ohl*SIN t OELE ) 

C CORRECTION 10 flLW VERTICAL C& 

7212=4212-2. 00333* SCALE 
UNXXlX=IJNXUU)*C0S(UELE)+r)N2( I U) *SM( DELE ) 

UNZ A l 4 = 0 hZ < IU) *COS t OELE ) -r>Nx 1 10) *SIN C DELE ) 

23 CONTlI.Jt 
YU=YYIY 

ni-IU s l)NY(I) 
b60 XU s XXIX / a 
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XCSXXIX/L 
YU=ro /u 
Ztl SZZI2/H 

icsau/c 

SKATIO=bL0CC /SR£F 
DX3XX1X-XRE 

Oysyu-yhl 

02 = 22 iz-zre 

uibr=boRr<nx**2+OY**2+D2**2) 

IFIUIbr.tQ.O, )GO TO 1150 
IF ( 1)2 .Gb . 0 • )oO TO 6 
IFIDZuObZ.GI ,0. )G0 TO 1150 
GO TO 7 

6 lF<D2uO2Z.U\0,)G0 TO 1150 

7 CONTINUE 
OXrOTsOX/OIbf 
DYTOT=Ur/CIbT 
02TOT =I)2/C I aT 

CtTAscX TOT *uxN02+0YT0T*DYNnz+02T0T*02Nr>2 
THE f =ACoS ( Ct T A ) *R AO I AN 
IF 1 THET .Gfc > lUKNJGO TO 1150 

CALL vALFLU (THET»DIST»XMPLUMiFLOC#<!LOC»THAT) 
OX TO TP = -OXTOT 
DYTOTP = -OYTOT 

ozrorp = -dztot 

IF ( THAI •EQ.THET) GO TO 10 


C FIND UIKECTION COSINES OF NEW JET FLOW DIRECTION 


XI = DXU02 

Y 1 = 0YN02 

21 = CZN02 

02 = 1.0/CETA 

X2 = 02*0XT0T 

Y2 = 02*UY TOT 

22 = C2*U2T0I 

5 = SOKT i < X2-X1 ) * ( X2-X1 ) t ( Y2-Y1 ) * ( Y2-Y1 ) + (22-21 ) * ( Z2-71 ) ) 

DXS = (X/-XD/S 

DYS = IY2-Y1J/S 

OZS = <?2-21)/S 

5 3 = TA.j ( rHAT/RAolAiO 

X3. = Xl+S3*OXS 

Y3 = Y1+&3*0YS 

23 s Zl»b3*DZS 

03 = l.O/COSITHAT/RADIAN) 

OXTOTF = -X3/03 

DYTOTF = -Yj/03 

02TOTF = -23/03 


10 CETA 2 s DX | o TF*OMXXIX+OYTOTP*ONO+OZTOTP*DN2ZI2 
PI2F=PlNK*l44. 

IF«CtIAi.LE.0.)GO TO 1050 

CPLOC s (GJ+3.0)/IGJ+1.0)*(1.0-2.0/(XMPLUM*XMPLUM*TGJ+3.0) ) )♦ 
1 CETA2*CETA2 

GO TO lubl 

1050 CPLOC=CLTA2/xMPLIJM/XMPLUM/, 1218 

1051 CONTINUL 
PTJJ=fLOC+0L0C 
PI !NF=PIXF+OI 

IFtFIdJ.LT.PrlNFlGO TO 1150 
IF (OLOC..LT.1.0) GO TO 1150 
CPLOC =( CPLOC *ULOC+PLOC-P I 2F) /QI 
IF ( CPLOC. LE.O. )GO TO 1150 
DELCF=-cPt-OC*SRATIO 
1008 OELCX=UbLCP*DNXXtX 
DELC Y=.Dt.LCP+DNQ 
0ELC2=DtLCP MjNJIZ 1 2 
nELCLsDLLCZ*YB-DELCY*ZB 
DELCMiUfcLCX*ZC-DELCZ*XC 
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OELWNsntLCY*xB-OELCx*YB 

CXbxtxn+UELCX 

CYBSCTHtOEUf 

czbslah+uellz 

cuascuHUEUtu 

CMHStfcH+UELCM 
CHBsCUb+OEUN 
1160 CONTINUE 
1600 CONTINUE 
00 TO 1/00 
ciUOO CXHXO. 

CYB*0. 

CZbXO, 

CUrtso, 

CMbSU. 

CNHSO. 

1700 IFUU.Gf.U 00 TO 1760 
C LEFT SlUt OATA jAVEU 
CxQlstXB 
CYB1SLYB 
CZBl-LlU 
CLB1SLLB 
CMUlStNU 
CNBISCMB 
GO TO tauo 
1760 COM H.Ut 

C LEFT SlUt AOUFO TO HIGT SIDE HATA 
CXBSLXrtl+CXb 
CYB=LYM1-CYU 
CZBSCtlU+CZu 
CLb=CLHl-CLb 
CMbsLmtU KM 0 
CNUsCtiHl-CNb 

1800 CONTlNUt 
HtTUrtN 
EI40 
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•suuKouriut iNwnnii) 

C READS INPUT LlATA 

0 IMtHS ION K 14 OZ T 34 ) # TO ( .34 > # TD ( 34 > # FK < 34 > » XM T 54 I 

RE AU I.OUOZ' I • HONOZO » NONOZ Y # NOUO/UL # NONO/UR » NuNOzDL » N ONO/OR # UONOZ Yl # 

IHONOZlK 
REAL MuF 

COMMOl, /CONS f /PIE » RADIAN# GI #RJ #00 

COMMOu/DuPZ/UNX ( 300 > »{)NY 1 500 ) #0NZ(30U> »Xt 300) # Y 1 300 > ,? ( 300) . SLOC ( S 

100)»J 

COMMON/uP/NOHUZU»NONOZUL » HONOZUK , PSTARUKfOST AKuL # AEXUL # AEXIJR , 
1RMF5UL#KMFSUR»OXNOZU#OYNOZU#UZNOZU# 

2XREUL # XKtUR » YREUL » YREUR # 2RFUL # ZREUR 

COMMON/DwN/uONOZO # N0N02DL » NONO/DH # OS f AH DL * D5T ArOR # AEXCI. # AE XOR . 
inMFSUL#KMF5DK#OXNOZD»DYNOZn#DZNOZn# 

2XREUL . XHfcCP # YHEDL * YREDR » ZPEDL » ZKEOR 

• C OMMOn/ SIDE/ NONOZ Y # NONOZ YL # NONOZ YR#DST ARYL #DST ARYR » AEX YL# AEX YR # 

1 ^ MU YL # f MKYR . 0X1102 Y # DYNOZY #07N0ZY# 

ZXKEYL # XKE YR , yHEYL # YREYR# ZPR YL * ZRE.YR 
COMMON/f-LT /MINF iPINF # T INF . ALPH# IOPT#«I »HI»VINF, THPU&T#1NEXT 
COMMOu/KfcF/bMtF »C . 0 » SCALE » XR£ , TRE , /HE , OXNOZ # DYN07 #DZN07 »DXNOZZ # 
10YN02z#DZN0ZZ 

COMMUN/Ny2/XMJ»GJ.ARJ*AJE#POj#HJ,TOU#TimN»ObTAR»Afl# THETA, OFX IT# 
tlIMP,uCufcF 

COMMON/A/PO«#POwl.PHT#Ti#PZT 

COMMUN/LONTH/OELTER mJELTEL# XELV # ZELtf # XFLA# ZFLA. 

1DELBP 

NAMtLiST / IN/GU# ARU»KJ# TO«J»0CQEF»OEXIO# THETA, SCALE#POJSA# 

1THAF TU# fHAF TO# THAFT Y # THQUTU# THOUTP# THOUTY # I IMP# 

2N3NO ZuL # XREUM# YREUM # ZHEUM # NQNOZIIR # XREUS , YREUS # ZREUS # 

3N0N0ZUL # XREUM# YREDM , ZPEUM »M0N07DR # XHEOS # YR$US # 7.RE0S # 

4N0N0ZYL# XREYM# YHEYM# ZREYM»NONOZYR #XREYS# YREYS » 7HEYS#N0ZN0 
NAMELiSI /FC/MINF#P1NF # T INF, ALPH# IOPT # 0 1 #HI # VINF# I NEXT 
1 .UtLTtR# u£LTEL»0EL3F 

DATA kNOZ/31 # 32 # 33 • 54 • 35# 36# 57# 36 #60# 61 #43#44 #46# 47#48# 44 # 50 # 52# 

1 51»45#42, ?a#79#9fl#99#a2#fl3#8t»85#64#lOO»9b#97#95/ 

DATA tO/3*n.0921#*)*0.052#7*o.(J4bb #4*0,067 #2 + 0, 0465# 10*8.867# 

1 3+O.U.IU71/ 

DATA tU/ 5*0. 099,5*0.0878# 4*0. 129 #3*0. 117# 4 *0.14 13# 2*0. 129# 

1 10*0.1413,3*0.1368/ 

DATA f-K/5*0. 00792# 0 . 00266# 0 . 0027, 0 . 00261 # 0 . 003# 

1 0.0027 #0.0024# 0,00221 #0.0025 #0,00245# 0.00222 #2 *0,00237# 

2 0.004b# 0.00412 #0.0046 #0.00405# 0,0024 #0,002 37 #0.0045# 

3 2*0, 0046 #0.0045# 4*0, 00452 #0,0044 3 #0,00452# 

4 .OOljloS# .0012258# .001647/ 

OAfA xM/2*1.4b6# 1.472 #5*2. 584 #4*3. 635# 3*3 . 425 # 4*3. 047 » 2*3 .635 # 

1 10*3.047,4. 172#4. 172,4. 172/ 

OAtAbw/1.3/# ro.J/4873./#P0JSA/152./#AHJ/22./#THeTA/lfe./#DExr0/.8013 
1/#THA(-TU/0./#THOUTU/0./#THAFTO/-12./#T>(OUTD/-20./#THAFTY/0./#THOUT 
2Y/0 . / # XUtUM/-57 . 69/ # XREUS/-37 . *>9/ # XRtn' V-57 . 69/ # XREDS/-37 . 64/ , 
3YUEUM/-11./.YKEUS/-11./# YPEDM/-9.25/#YRE9S/-9.25/#YKEYM/-12.46?b/# 
4YREYS/-12 • 4 #j 25/ #2REUM/-9,B6b/ »ZRLUS/-9.86b/ # ZREDM/-5.U 1 7/ » 7REDS/-5 
5.417/,2UEYM/-7.003/#2HEYS/-7.003/#HJ/75./#XHEYM/-37.69/#XBFYS/-37. 

669/ 

D A r AULLY ER • UELTEL # Ot k BF/ 0 . # 0 . # n , / 

DA I ASuOP » CO #60/2690. #39. 57 #78. 853/ 

DATA uCOEF/1 ,0/ 

OATANOZNO/O/ 

********************** INPUT DEFINITIONS ********+*********************** 
ALL GEOMtTUY DATA MUST UE INPUT IH FULL SCALE WITH UNITS OF FEET 
ALL DATA IS SPECIFIED TO A MO*THr REFERENCE CENfEK AT# 

XCO s 1076. T 
YCC- = 0, 

ZCG = 375. 

FRuM THE CENTEH OF GRAVITY# X POSITIVE FORWARD# 

Y POSITIVE TO THE RIGHT# Z POSITIVE DOWNWARD 
ALL DATA mAS SIGNS FOR LEFT SIDE BECAUSE THE PROGRAM OOES ALL COMPUTATIONS 
ON THIS SlUt ANu CORRECTS TO RIGHT SIDE 
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C4*4***4***4*4**t4«4***4*4***4******44****4*44»4»4*«44***4**»******4*4**«4**«»** 

c FORMATTED input 

C ONX* ON ». OhZ ARRAY OP DIRECTION COSINES OF THE FLAT PLATE 
C SIMULATION AWE AS 

C X# Y» i ARKAY OF CENTROIDS OF THE FLAT PLATE SIMULATION APEAS 

C SLOL ARKAY OF LOCAL FLAT PLATE SIMULATION AREAS (SO FT) 

C NOTE THt OKuER OF FLAT PLATES IS IMPORTANT THE FIRST 1" ARE LEFT ELEVON 
C UPPER SURF Act 

C THE NEXT S APE UPPER LtFT SURFACE OF THE BODY FLAP 

C4****«4***444******************+****4*4*4«4*4**»4*4****t4*****************4**** 

C NAMELIST IN (NOZZLE DESCRIPTIONS) 

C NOZZLE INSCRIPTION 

C DEXIO s FULL SCALE EXIT OIA IN FT ** DEFAULT VALUE = .8013 FT 

c arj = NOt/Lt expansion ratio ** default value = 22. 

C THETA s uOzZLE EXIT ANGLE IN DEG ** DEFAULT VALUE = 12. DEG 

C GJ s EXIT GAS SPECIFIC HEAT PATIO** DEFAULT VALUE = 1.3 

C TOJ s NO* TOTAL TEMP. IN DEG RANKINE DEFAULT VALUE = *873. 

C POJSA s I1O4 T01AL PRESSURE IN PSIA DEFAULT VALUE = 15*. 

C RJ 3 tXHAUSI GAS GAS CONSTANT ** DtFAIJLT VALUE = 7S. 

C OCOEF = nOt DISCHARGE COEFF DEFAULT VALUE s 1,000 

C NOZZLES CANt ANGLES IN X-Z PLANE ARE THAFTU FOR UP NOZ r THAFTD FOR DOWN N«Z 
C AND THAFTY FOr YAw NOZ 

C NOZZLE can r angles in y-z plane ARE THOUTU.THOUTD.THOUTY 
C all DEFAULT VALUES ARE 0. EXCEPT FOR THAFTD = -12. ANO THOUTO = -20. 

C NOZZLE LOCAIION DATA IS GIVEN HY THE VARIABLES XRE— YRE— .ZRE— 

C THE FIRST - IS U FOR UP . 0 FOR OOWM OR Y FOR YAw 
C THE SEc OUu - IS rt FOR LEFT SIDE OATA AND S FOk RIGHT SIDE DATA 
C DEFAULT VALUES 

C XREUM sXREUS = -37.69 

C XREUM = XHEDS = -37,69 

C XREYM = XREYS 5 -37, b« 

C YREUM = YREUS =-11, 

C YREUM = YREUS = -°.2S 

C YREYM = YREYS = -12,4625 

C ZPEUM = ZREUS =-9,864 

C ZREuM = ZREOS =-5.417 

C ZRE YM = ZPETS =-7.003 

C MONOZU NUMBER OF UPWARD FIRING NOZZLES (CAUSING PITCH UP) 

C OPERATING IN A SFT 

C NONOZUL = LtFT SlUt NONOZUR = RIGHT SlUt 

C NONOZo NUMBER OF DOWNWARD FIRING NOZZLES (CAUSING PITCH DOWN) 

C OPERATING IN A SFT 

C NONOZDL= LEFT 510E NONOZUR = RIGHT SIDt 

C NONOZY NU1.1UER OF SIDEwAY FIHING NOZZLES (CAUSING YAW) 

C OPERATING IN A SET 

C NOMOZYL = LEFI SICE NOUOZYP. = RIGHT SI. it 

C SCALt SCALE FACTOR FOR THt FLAT RCA ft SIMULATION DATA 

C I IMP DEFINES THE TYPE OF MATHEMATICAL MyDEL TO HE USED. 

C =1, USE THE EMPIRICAL IMPINGMFMT MOuEL, 

C = 2, NO IMP1NGMENT M ODEL USED, 

c =3 , use the semi-empirical impingment model (modified 

C NEWTONIAN PRESSURES PLUS VACUUM PLUME MODFL) 

C NOZNO IS NOZ4LE COOE NUMBER IF WT TEST RESULTS ARE TO PE COMPUTED 

C ********** '***♦******************♦*******»******♦ > »***»«+4***»4******+***4**» 


C 


NAMELIST FC (FLIGHT 

CONDITIONS) 

C 

ALPH 

ANGLE OF ATTACK (DEG) 

C 

MINF 

FRtE STREAM MACH NUMBER 

c 

PINF 

FRtE STREAM AMBIENT 

PRESSURE (PSIA) 

c 

T INF 

FRtE STREAM AMBIENT 

TEMPERATURE (DEG R ) 

C 

OX 

FRcE stream dynamic 

PRESSURE (PSF) 

C 

HI 

ALUTUOE (FT) 


c 

VINF 

VELOCITY (FPS) 



C DELTEK = RIGHT ELEVON DEFCFCTIO - TRAILING EDGE UP 
C DELTEL = LEFT EcEVON DEFLECTION - TRAILING EDGE UP 
C OELUF s fcOUY FLAP DEFLECTION - TRAILING EDGE UP 
C I OPT DEFINES THE FLIGHT CONDITIONS bE I Uy INPUTTED. 
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* ir MACH NUMBER* ANGLE OF ATTACH (DEO) AMO ALTITUDE (FT) 

ARE IMPUTTEO. 

s 2* VELOCITY (EPS). ALTITUDE TFT). ANO ANOLt OF ATTACK 
(OEG) AHfc INPUTTED* 

s 3* DYNAMIC PRESSURE (PSF>* ALTITUDE <FT>* AND ANOLE OF 
ATTACK (UEO) ARt INPIJTTEO, 

s 4 1 AM'JIEMT HHESSNRt (PSD* TEMPER A TURF (DEG P ) # MACH 
NUMBER ANO AMPLE OF ATTACK (DEO) AhE INPUTTED 
IHEXT DEFINES CONTENT OF NEXT SET OF DATA, 

S l* ALL TYPES OF DATA ARE TO RE INPUTTED* 

s ?» nozzle definitions ano flight Conditions (namelists in 

AND FC) ARE TO BE INPUTTED 
s 3* FLIGHT CONDITIONS ONLY (NAMELIST FC) ARE TO HE 
INPUTTEOi 

s 4. NO MORE DATA WILL HE READ IN * PROGRAM STOPS 
******************************************************************************* 
lF(Il,Nfc.l)oO TO 2 

1 CONTINUE 
2UB0 FORMAT ( ttElfli 3) 

JSO 

120 J=J+1 
!=J 

HEAD (5*20*0) DNX (I)»DNY(I)» ONZ (I)*X(I)»Y(I)*2(D* SLOC ( I ) 
IFIDNaID.LT.I.DOO TO 120 
Js J— 1 
RETURN 

2 IF( ll,t»«3)uO TO 3 
P£AO(t»* IN) 

IF(IIMP,LE.0)IIMPs3 

IF(HMP,GT.3)IIMPp3 

IFISLmLH.EO.O.JSCALEsI. 

TATAP |=TAN( THAFTU/RADIAN) 

TATOUTSTANUHOUTU/RADIAN) 

DZHOii-l.*COS(ATAM(SORT<TATAFT**P+TATONf**2) ) ) 

0XNUZ=-l.*04N0Z*TATAFT 
DYNDZs- 1 . *t)4NUZ*TATOUT 
DXNOZusUXNOz 
DYN0ZUS0YN04 
r> 4 N 0 Zu=UZM 04 

TATAPISTAM (NAFTO/RADIAN) 

T A TOUTS I AN ( THOUTD/RAU I AN ) 

DZNOZ-*l .*C0S( ATANCaORT ( TATAFT**2+TATONT**2) ) ) 

0XN04S+1 . *()4NOZ* T »* AFT 
DYNOcsU . »D4NOZ*TA TOUT 
DXNUZu-UXNOt 
OYNOZDsDYNOZ 
0ZN0ZUSUZN04 

TA T AF TS ( AN ( THAFT Y/R AD I AN ) 

TATOU I s T AN( THOUTY/RAD1AN) 

OYNOZ=-1.*COS(ATAN(SORT(TATAFT**2+TATOUT**2) )) 

DXN04S-1 . »OYNOZ*TATAFT 

nZN04=-i . *OT N0Z4TA TOUT 

DxNOZtsUXNOZ 

OYNOZYSDYNOZ 

OZNOZrsUZNOt 

PSAsoj 

IF(NU4 f IO.E«.0)GO to 2222 
N=N04( .0 

C COMPUTE DlSoNARoE COEF FOR TEST NOZZLES 
XMlSMINF 
POJSRyJSA 
n0100KSl»34 
K2SK 

XF(N.UO.KN04(K) )G0 TO 200 
100 CONTUSE 

cr=i. 

GO TO 2222 

200 IF(POo.E«.0. )P0jslA^.«3 
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5 i*H 

F : 2.0*bJ*OJ/tej-l.O) 

fi s <?.u/iw«-i.un*#uojti,o»/(t»j-i.u>> 

or s tdik«£> 

OE S. tO(K2) 

FK | S FK |k2) 

XMJ 3 XM(KC> 

AT s 0. 70t»4*0T*0T 

AJ 3 U./U*j4*DE*0i 

PW S POj* ( l ,0* ( 8 J»l . 0 ) /2 . 0*XM J*XMJ) ** t -1 , u/ ( fij-i • (J ) > 
F2 s 1.0-(PN/P0J»**I 

FS s SOHT«F*Fl*F2» 

IF(XHi,tu.O.)XMI*lO. 

PI S Oi/ai*?.0/XMl/XMl/14l»,0 

IFlUI.Eu.O.IPIs.OZM.Jft 

CT S (FM-AJ/POJMPN-PI )>/(AT*FS> 

2*22 CONUuilt 
OCUEFaCl 

IF < Ututt- . L.E . U • > bCOEFs l . 

GJXOEA 

C ADJUST CH«MutH PRESSURE FOR DISCHARGE COEFFICIENT 
POJ=Pu JSA*DC0EF 

All. DATA i-, kESCALEU TO MODEL SCALE 
SKEF REFERENCE AREA (SO FT ) 

Sr<EF*s,ROF*SoALE*SCALE 
C H WlM, SPAN (REFERENCE LENGTH I (FT) 

PsHOouCALE 

C C MEAN AERODYNAMIC CHORD (REFERENCE uENOTHJ (FT> 

C=CO*bCALE 
DEXlTsi.)tXlO*<,CALE 
XREULSXRtUM*iCALE 
XHEUKsxREHS*EC«LK 
XI<tUL=XKtOM*bCALE 
XREUKsXHEDS*SCALE 
XREYL=XHEYM»sCAEE 

xheyhsx«eys*scale 

YREUL=YREUM*'jCALE 
YKEUHsYrEUS*SC«LE 
Y«EOLsYHECM*ijCAUf 
YREURsYHEOS*SCALE 
YHEYL=YREYM, S CALE 
YREYKsYREYSaSCALE 
2«EULs/HLUM*sCALE 
2«EUKs2KEU5*SCALE 
2HEOLi2WEDM*sCALE 
2REUH32KECS' CALE 
2KtYL=2RtYP jCALE 
2REYK=2KEY l ..*bCALE 
33 CONTlNUt 

AJES, /Rb4*0txIT**2 
RETURN 
3 CONTINUL 

«eau(3»m:) 

' IF(1NLXT.LE.0>INEXT54 
IF(INLX(.6T.H»INEXTS4 
IF(luPT.LE.O)IOPT=4 
IF ( 1UPT t OE 1 4 ) IOPT-4 
WKI TE (Or INI 
WRITE tfjrFC) 

RETURN 

END 
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c 


SUHKOuriNfe lUTEHUT,tX9,CVn 
COMPUlfcb PC. IE INTERACTION 


» CZCJ » CUB . cMM . CNR 
CUEFFICltHTG 


> 


RlMfeNSlUN HmT 19 < 3 ) 

i c cwiuLo.‘iI?f l V u uo ’ 71 ,CMIOt U 0 ' 71 ,CLl0L ‘ 10 ' 7 » * 

* JM *-ll 'if 7) #CYIDL<lU#7) • CllYLl tn»7) »CAIYL( lOt 7 ) • CV T Yf C 1 0 • 71 • 

< ruf 7I "! .CNJYLI lu» 7) *CYIYLI 1U*7) #C/JHH< ill« 71 *<‘AIUII( in, 7 J , 

4 CUPuV H< jy ,7j 10 * 7 > tCNlUHi |.. 7 , # cyi.«ll«.TI * 

COMMOH/uEFLc.CT/tLP3t)< 10,7) *CZP30 1 10* 7) »CMP3uUll.7J *CAP30(tfl* 7 ), 

1 CZPiU<l0,7),CLP10<i0,7»,rMPlini0i7) ,CAP10U0.7I ,C M Pn(10>7 

2>*CZHtt(lU,7) ,CMY10U0.7) >CA YU, U«. 7 1 ,C7Yl 0 1 10, 7) >CLYlOt 10»?> , 
3CZY3UtlU*7>,cAY30(l0>7>,CLY30It0,7l»CMy30<l0,7> 

COMMON/COMP/ IC.LCtARAT.RMFSD.FMRY 
COMMOl./CONSf/PIE.RAOIAN.GI ,RI *00 

C0MMOU/tKR0H/Sl6» S I GM ( 2 , 6 ) » b I G I N ( 3 u> ) ,5lGlM(3,,s) ,StGTH< 3,61 
COMMOw/FLT/yiINP,PINF*TINF*ALPH»IOPT,tfI,Hl.VlNF,THRUST,lNKXT 
COMMOH/UOZ/ AM J » GJ » AHJ , AUE * PO J . RU , TO J , T I IHM > Ds T AR » AN * 1 ML T A » DF X I T * 


iiiMP.ucv.r 

COMMUH/A/PO*.POwl , PHT » T1 *P?Y 

COMMU(i/CONTK/DELTFR»UELTEL.XELV,ZELv»xPLA»ZFLA, 

IDELttF 

COMMOn/yP/NONUZU , NONOZUL t NONOZUN , OSTARUH , DS 1 ARijL , AEXUL > AEYUP * 
1RMFSUL. , KMFSUM .OXNOZU * OYNOZU , OZNOZU, 

2XHEUL . XKfcUR , YKEUL » YREUR » 2RFUL , ZREUR 
COMMOM/OwN/NONOZD # NONOZOL * f'OUOZUR » OS T AH DL * OST AROR * AEXDL # AEXDR » 

1RMF SUL « RMF50K * UXM02U . D YN07D < OZNOZD * 

2XREUL , XKEDR * YREDL . YREDR . ZRFDL , ZPEDR 
COMMOIl/SlDE/NONOZY»NONOZYL,NON02YR,DSTARYL,DSTARYP*AEXYL,AEXYR, 

1 FMKYt»FMKYR,nXNOZY»DYMOZY*OZMf>ZY* 

2XHEYL»XKEYR* yHEYL# YREYR, ZREYL»ZREYR 
REAL NOnOZU , MONOZD . i jONOZ Y , MONOZUL » NONOZUR . NuNO/OL » N0N02DP » MOMOZ YE » 
1N0NUZYR 
REAL MlNF 

C **** u— UE IS PITCH OOWN LEFT SIDE CURVE FITS 
C ***** PIltH DOWn INDEPENDENT PARAMETER S MOMENTUM RATIO 
C *********** C— UH IS PITCH UP RIGHT b" £ DATA CURVE FITS 
C ***** PITCH UP INDEPENDENT PARAMETER IS MOMENTUM RATIO 


C ********** C— YC IS YAw DATA LEFT SIDE CURVE FITS 
C ***** YAw INDERbNUENT PARAMETER IS MASS FLOW RATIO 

C ***** C -« I * 1 ) TO C U,4> ARE COEFFICIENT S OF A CUBIC CURVE 

C*****C— — '(1*5) IS MAX VALUE OF X FOR FIT 
C***** C<l,o> IS MIN VALUE OF X FOR FIT 
C*«**« C— — ( X * 7 > IS STD DEV OF FIT 
C ALL CURVES ARE FITTED IN 5 DEG INCREMENTS 
C ***** LINtAK INTERPOLATION IS DONE ON ALPHA 


DATAU21UU1.I) ,1 = 1, 7) /-.003S7A 1755,-1 .3252434, 1.0262207. 0.» 


1 .13*0. » .00o721/ 

DATA(cAIDL(i#I) , I = l,71/.00BU9?.24,-.572B1949,2,25*>fib3,2. 650706# 


1 .11# .010# .UUJ177/ 

DATA(CM1UL(1#I) #1 = 1 #7) /-» <1026167640 #. 97960279, -3. ROb 7? A3»0», 
l . 12b. 0.*. 003239/ 

DATA»CL1UL< 1# I) . 1=1 » 7) /.0010454S1#-. I6«3444b #-.662314. I1.8613fl2, 

1 .10# .!)ut>» .000Hb6/ 

DATA (CNIDLU# I) #1 = 1# 71 /-. 004. 0 . # 0 . # 0 . # .10# 0. #.000963/ 

OATA(CYIOL( 1,1) .1=1, 7)/. 0024493900, .5950*919,-3. 3693276,0., 

1 ,09.0,. .0030004/ 

DATA (C2 IDE ( 2 , I ) . 1=1 . 7) /-. 0009l‘»2 742 7. -1 . 1969597 , 1 . 1 70b735« 0 . , 

1 .13.0.# .000081/ 

DATA (CA1DLI 2.1) .1 = 1. 7 )/. 0C67S33631 >57051*6 . 2 , &6n6B57 . 1 . 54h73B4 » 
1 ,10. .002732/ 

DATA(cMIUL(^» I) .1=1. 7)/-. 0017074711. .An 4196 3 7 #-3.0 90 4617,0.# 
l . 13. u. . .002407/ 

DATAtCLlDLU, I) .1 = 1. 7 ( / , 0I'O2£i2b3H? » 1 5077 In . -i .254691 . 13 . 31 «2?l ? 
l .10».0U2S» .U00529/ 

DATA 1CU1UL ( 2 , 1 >, 1=1, 7)/-. 002b, 0..0.»U.,, 10,0.,, 060644/ 

DA TAarlUL I 2»I> .1=1.7 >/. 004170330. .273R20 76.-1, S025b33,0,, 

1 «09»u, * .002402/ 

0ATA(4/1UL< 3. 1 1 . 1 = 1. 7)/-. 003413075.-. 7 17 r U2l ,-<>.007603, 64 .4970?4, 
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1 I 136, u, » .004676/ 

OmTaUAIDU 3, I » »lsl,7)/.UUh6691b«»-,66fo699,3,no7fi03,-;>,42'>‘,496» 

1 .lit .01*, ,0u*o51/ 

OATAU -UUU 3# 1) # Isl * /1/-,00*05H5775» , 71,11540*, -*.75o234 7,0, » 

1 , 130,0. » ,0u*UU3/ 

DATA tU-IDLl j, I ) » Isl , 7) /-, O0QU95447U3 7, -, 1797 19A4 » ,63221610,0 . • 

1 ,l4»y,. .U007U3/ 

DATAUillDUU* 1 1 . Ul, 71/-. 0013022764, -.040391560, ,31 o66H33»0, , 

1 tOoiOtf .OOoena/ 

UATAU.UDU3, I) »lsl,7)/,00409165&0# .171 77413, -.62919510,0., 

1 ,l*iu.». 001920/ 

GATAIUIULU,!) ,lsl,71/.0Un0b9M5b»-.o4 r >e604,-e.565l67,43.737769, 

1 • l*»u. < ,003303/ 

UA Tm 1 1 A iuU 1 h # 1 1 , Isl,/)/, 00636*637,-, 3 » lo206o, 2, 0792*74, 2, 46*2579, 

1 ,lo» .ul3» . uu*6u'J/ 

DATAU.’UuLU, l) , Isl, 7)/-,u0u73‘)ou721» . »>7le6u97 , -2 , 3o44 230 » 0 , , 

1 , 14*, 0,#. 001695/ 

DAI A(cuiuL( 4. 1) »Isl, 7)/-. U01o2UU48»-. 123669/6,-, 056961137,4. 309143 
1, • lu,0. , .00uV34/ 

0mTA<oN 1UU4» 1 1 » (si , V ) /- .00 12240902,-, 02293771 1 » • 12178972,0 . , 

1 . 10,0, » *1100037/ 

DATAU./1DU4,I), Isl, 71/. 0044304ie>4». 17440759, -.459068*4,0., 

1 .12,0. * .O0ia*7/ 

DArA(g2iUl.(a#l) , isl, 71/-. 00241611, -.565491 ,-5. 139406# 36. 014229, 

1 .12, u., .005*54/ 

DATAUAlDUo,!) ,lsl, 71/. 00160809, -.36329, .3147143. 1U. 74609, 

1 .lo, .ouo, .0u3005/ 

DATA U.MIDU 5, l> , 1st, 7) /.001074265a#, 6344367*, -2. 6484171,0., 

1 .12, U., .00*104/ 

OAT A ((.L10U 3, 1) ,Jsl, 7)/-. 0016936,-. 16779, 1.2761 7, -2,6. 3793, 

1 .12,0., .000706/ 

OmT A ( c.UULI 6,1) ,ISl, 7)/-. 0006073493, -.0760269, 1,51246, -9. 0637746, 

1 .04, u., .000712/ 

OATAUnJUs, I) ,151, 7)/, 0 0403 94 700, .24160601,-1 ,0066301 , 0, , 

1 .12,0., .00*079/ 

OA OMc/lDL lo, i > , 1 = 1, 7) /-,00 139169, -.662021 ,-. 14723614, 16.616404, 
l .12,0. ,.007060/ 

DAfAUrtiUUo, I) , Isl, 7 )/-. 000*702635*. -,g415o6l5, 2. 0930306,0. , 

1 .10,0., .003015/ 

DATA ItMiUUlo, I) ,lsl, 7)/, U0122B6037,, 76797273, -3. 7259360,0., 

1 . 10,0. , ,06*o02/ 

DArA(tLlJL(e,ll , Isl, /) /-, 0011560353, -.2*933375, 1.3245653,0., 

1 .09,0. , ,00U7ob/ 

DA TAUflillUo# I) , 1 = 1, 7)/-. 000060736,-. 1037639, 2. 0742966, -12. 055464, 
1 .04,0, , .000699/ 

DhTAUYIULIo.'I) , (SI, 7)/. 0034296420, . 31 23269a, -1 . 6445693 , 0 . , 

1 .10,0, ,.00*306/ 

OATAU/iULl 7, 1) ,lsl,7)/. 00099363, -t.o 11616b, .4592626,25.160136, 

1 .11, u. , .010*10/ 

DATA U.A10UI 7, 1) ,lst,7)/-. 00146976, -.4 126163, 1.265279, b.734lol3, 

1 .10, o.« .00*306/ 

DATA U.M1UL l 7 , I 1 , l Si , 7 1 /-. 00 12751 066, ,66163616.-4,2650 146,0., 

1 .10,0., ,00*3o6/ 

IMTAUUWU 7, I) »lsl, / )/-, 00061171129, -.*5373630, 1,4*591 62,0, , 

1 ,09#o., , 00u 791/ 

DAT A Uhl DU 7, 1) , Isl, 7)/-. 0001 12361, -.10324 1*, *.02777, -11. 61 0639, 

1 .04,u., • 001o*b/ 

DA rAUYlOU 7, 1) , Isl, 7)/. 0033707626, .3334573*, -1.6159067,0., 

1 .10,0., .00*366/ 

DATAtv.*lDU(6, 1) ,Isl, 7)/. U0205637 34, -1.0371 776, 1.1606121, 19.727744, 
1 .12,0., .014*16/ 

OATAUAIlUo, I) , I si, 7)/-, 001636 172,-. 446219,1, 706196, 3,6 53255, 


1 . lU , b .,, 00*166/ 
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i>M|a(v.>-.iuL( 4# II , i = l» 7>/.UilK/ol34uM, , I«>u6tt4g3#.4.'»7e3»,07»ll. # 

1 ,10#U.# .001(14/ 

nATAtcLlULtU, I) # 1 = 1 # 7)/-, 00u37«466> -.3007144 # 2 , 439858b .-6,846879# 
l #12,9## #000739/ 

OATAU.N1DI <6#I) #1 = 1# 7)/-. 00U06U3667»-„i296327,2. 51692# -14. 102086# 
1 , 04 #0.#. 00 1203/ 

DATA (LYlUUtU# I ) # Isl , 7 ) / . 0IJ2956 3353# . 39863291 #-2 , 1873767# 0 . » 

1 < 09# u • # • 0024 11/ 

rjArA<<.21DL<9#n #1=1# 7>/-. 000960869#-. 5680283,-8. 8023067,83. 41719# 
l . 096 #0. #.018895/ 

DATA UA10L19# I) ,1=1# 7)/-. 001234184#-. 5 12663b# 3,54090«#-7. 7873735# 

1 12#0,# .002636/ 

DATA U.MIUU 9# I) # Isl# 7#/. 0n0bblbb776#. 97128770 »-4.53bOO56#0,# 

1 ,1U5#0. » .002071/ 

DATA(CU0Ll9#l) # isl, 7 )/-. 0006645465#-, 289001b, 2, 109b04, -5. 0808823# 
1 ,12#0.# .OOOb24/ 

DA rAlUUOUl 9# n #1 = 1 #7)/. 000138926,-. 1568336# 2,7970668 #-14,902663# 

1 ,02,0.# .001226/ 

0ATAU,YI0U9#I> # Isl#7)/.0024b4H023# . 45838338 , - 2 ,5668342# 0 , » 

1 .09,0.# .002322/ 

DATA (C210L t 10# I ) # 1 = 1 # 7) /-,000b6136878#-.9067b745# 4,2378887 , 0 , • 

1 .12,0. # .020753/ 

DATA (V.AIDL ( 10 • l ) # 1 = 1 # 7 )/-, 00186607 #-.4086227 # 1,847751.2.1262878# 

1 ,10 #8.# .0023b7/ 

OATAUMIDU 10# I) # 1 = 1 # 7 )/. 00055591734 o372.3blU#-4 . 1921034 # 0 , # 

1 .11,0. #.002163/ 

0ATAU,U0U1U#1) #1 = 1# 7)/-, 000047637#-, 2936418# 2.01 0bl3# -4. 545096# 
l ,12#0.# .000672/ 

DATA(UU0L(10#l># 1=1 # 7) /-. 000001955 #-.19391o# 3. 355843.-17. 116039# 

1 ,02#O.# .001331/ 

DATA <CY1DL( 10# I) #1=1# 7) / ,0025220313# .52801444,-3,1718149,0, # 

1 ,08.0. < .002319/ 

DATA (CZJYLIl#!) #1 = 1# 7) / . 0032702044#-! . 435440b# 12 .806984 # 0 . , 

1 ,06#0, #.012259/ 

OATAU.AIYLU#!) # 1=1# 7)/. 0033388762# .0274329 74 #-2, 0489098# 0. # 
t ,0bb#0.#. 002570/ 

DATAUMIYLi 1 # I > # 1 = 1 # 7 )/. 000063570804# . 19699183,-1 .3005521 # 0. , 

1 ,Ob#u.# .002753/ 

DATA ItLI YL ( 1 # 1 1 » 1 = 1 #7)/. 00049644244#-, 088258694# .57105188,0. , 
l .06,0.# .001090/ 

OATA<UUYL(l#l) #1=1# 71/. 00006750841#-, 14366869,1. 4157109,0.# 

1 ,Ob»U.». 000577/ 

DATA(CY1YU1#1) #1=1 #7)/-. 0024513299# .88000404 ,-7. 0 176660 # 0 . # 

1 , Ob #0.# .000692/ 

OAT A<C21YL( 2# 1> ,1=1# 7)/. 0041409043,-1.4090787# 13.206927,0.# 

1 ,Ob#U.» .010019/ 

OATA< CAIYL (2# 11 #1 = 1 #71 /, 0030369246#-. (163236282, -.63857! 32# 0 . # 

1 .05,0. # .002013/ 

DATA<CMIYL(2, 1) # 1 = 1,71/0. »0.#0.#0,# ,U6#0. * .002141/ 

DATA (CL1YL <2»l> #1 = 1# 71/0. #0.#0.#0.#.06#0. #.000652/ 

DATA <U|XYL«2#1J# 1=1 # 7) /. 00015714701 #-, 20931584,2. 0280340 # 0. # 

1 .Ob.O.# .000941/ 

DATAICY1YU2.1) .1 = 1 #7)/-. 00038106379, . 70259959 #-7. 0662578 , 0 . # 

1 , 06. u. , .003996/ 

DATA (C21 YU ( 3# I )# 1=1 # 7) /. 0052374878,-1 , 3338312# J 1 • 1 30794 .0 . # 

1 .06-0, #.007848/ 

DATA (CA1YL( 3# II # 1=1 # 7) /. 00211 16066# .025275694,-1 .8870104. 0 . # 

1 . 05. U. # ,002144/ 

DATAICMIYI (3# I) , 1 = 1 # 7) /O . # 0 , #0. # 0 . # .06 # 0. • .002159/ 

DATA (ULI YL ( 3 # I ) # 1 = 1 # 7) /-. 00016250169,- . 0387481 13# .3346715? , 0 . # 

1 . Ob.O. # .000606/ 

DATAIUU YL( 3# X) #1 = 1 #7)/-. 00012742867# - .235421 77 . 2 .536?. 194 , 0 . . 

1 .045,11. i .000845/ 


A -25 



CA8D-NSC-77-003 


UKKilNAL PAGE IS 
OP POOR QUALfE* 


DAT A (UYl YU (3* I) ,1=1,7 )/-.Q001b33943U, .67321891,-7, 1003986*0., 

1 .045*0. » .002795/ 

DATA(C21YU(4»1) ,1 = 1, 7) / ■••00382 16065 *«, 42590104 , 6,29934 3 ft, q • , 

1 .06,0. , .0Ool«J9/ 

DATA (cAl YU <4, I) , I=l*7>/+.0019908037» ,031449*39,-1,7329775, 0, , 

X .045, 0.». 00*172/ 

OATAUMlYU<4,n,t = l,7)/O.,O.,0.,O.» ,06,0.».U02l)9l/ 

07 TA(tUl YU (4, I), 1=1,7)/-, 000721 07788*-. 0739788(18, 1.0560601,0., 
X .035,0. *.000838/ 

OATA (cfUYLU, 1 > ,1=1, 7)/-. 00010941856, -,2110794a. X, 9920371.0., 

'X , Ob, 0. , .000050/ 

DATA (UY l YU l 4, I ) ,1=1,71 /, 00061094204. • 65106063,-6. 5599346,0 • » 

1 .Ob,o. , .00*632/ 

DATA (t* l ILI' j, 1 > ,1=1. 7)/, 00031879143,-, 62650/97,2, 8 398293,0.* 

1 .06,0. , .00u052/ • 

DATA((.AlrLfb,t), 1=1, 7)/. 00015063235,. 20106338, -IS. 950500, 

1 24b.347b0, .045,0. ,.002018/ 

OATA <CMlYUb,l> *1 = 1, 7) /,0033500b41»-. 0593854 19,1. 5668712, 0. , 

L • 06,0. , , 0B2b39/ 

OATA (tUl YU < 5.1) ,1 = 1, 7)/- .‘0011278857,-, 12337774,1.0857623,0., 

1 rOb.u. , .001234/ 

OATAlUJXYUb.n ,1=1, 7)/. 00019366269,-, 17333227,1.7849972,0., 

1 .04,0., .000988/ 

DATA ( UY l YL( 5, I ) , 1 = 1 , 7J/, 00062267197, ,65514122,-7.1471735,0., 

1 . Ob, U. * .002639/ 

DATA(C21YLIb,X),l=l, 7) /«. 0071455546* .96431099,-72.633196. 

1 827.26421, .05, .01, .007573/ 

DA T A ( t A 1 YU ( o , L) , 1 = 1 , 7) /-, 0022047408, , 28969745,-15. 9b4851 , 

1 184.43040, .045, ,01, ,002031/ 

DATAttMlYUo* 1) ,1=1, 7)/. 0023669280* .28»59b77> -2. 1141551,0., 

1 .06, O., .003203/ 

DATAltUlYUto, I) ,1 = 1, 7)/-. 00068297887, -,279Bo250»2. 5155903,0., 

1 ,055,0, , .001534/ 

DATA icNIYL (o,l ) , 1=1,71 /. 00029592129,-, j 1654945,1.8446555, 

1 -.967bvo09, .035,0. , .000544/ 

OA f A (CYIYL (6,1), 1=1, 7>/. 0010122592,. 514H814, -5. 5159608, 0. , 

1 .05,0. , .001895/ 

OATA(tZlYU( 7, I) .1=1, 7)/-. 0087101578, 1.8493792, -112. 78191, 

1 1277.3926, .05, ,01, .010572/ 

DA T A (CA1YLI 7,1) ,1=1, 7)/-. 0020497229, .071553360,-7.3647072, 
l 92. 465680, ,0b, .005, .001713/ 

DATA ((.Ml YU (7,1), 1 = 1, 7)/. 0017633997,. 52 3681 lb, -4. 6631665,0., 

I . Ob, U., .002349/ . 

DATA (tLlYU 7,1) ,1=1, 7)/-. 00056833042, -.32374633, 2. 7966741,0., 

1 .06*0. , .001498/ 

DATA(CM1YL(7, I) ,1=1, 7)/. 000 189807, -.04 3820856, -.57021368, 

1 20.648039, .035,0. , .000287/ 

OATA (UY1YLI 7,1) , 1=1 , 7) /. 0012629695, .44075727 , -4 . 1943874, n , , 

1 ,05,0, , .001798/ 

DATA (1,21 I'Ll 8, 1 ) , ! = l»7)/0. ,0, ,0. ,0. , • U6*0. , ,014774/ 

DATA (tAl YL( 6. 1>, 1=1, 7)/-. 0016900386, -.067374036, -3. 4 182048, 

1 56.342650, .05,0. » .001556/ 

DATAICMIYUo,!) , 1=1, 7)/, 0013214578, . 59692937 , -6 .2062245, 0 , , 

1 .055,0. , .042286/ 

DATA < tUi YU ( 0. I ) , 1 = 1, 7)/-. 00044359890* -.33774540, 2. 8614639, A. , 

1 . Ob, 0. , .001399/ 

OATA (CK1YU (8,1) ,1=1, 7)/, 00012927304,-. 00025741787, -2. 52 1821 2, 
l 37.79470b* .045,0. , .000283/ 

0ArA(tYlYU(6, 1) ,1 = 1 , 7)/. 00094977196, .4 I 546 129,-3.4 2 U8e 85 , 0 , , 

1 . Ob, 0., .0019235/. 
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DATA (c/l YU (9,1) . t=l,7)/0. »n.,0. >0.1 .06,0. * .021512/ 
0ATA(CAIYU<9, I) ,1=1, 7>/-.001b4H0294,.0067l5ibt8,-7,fl046584» 

1 123. oJlbB*. 045,0. ,.002099/ 

DATAU.MI YU(9» I ) , 1 = 1 , 71 /. 00 1291 7244 > ,40459572,4,5215123, 
l -93. 9/3704,. 056,0.,. 1)02700/ 

DATAU.U1YU9, I) ,1 = 1, 7>/-.0n0688ib49b»-, 32564394 ,2. 4882146,0., 

1 .06,0.,. 0014821/ 

DA1AU.N1YU(9, tl ,l = l,7)/.0O02451S,912»-.n2919bl&5«»l .0389104, 

1 12.496974, .Ob, ,007b, .00035a/ 

DATA (CYl YU ( 9 . 1 ) .1=1. 7)/. 00070530046, .481855«;3»-4. 1995683, 0 . . 

1 .Ob.U.* .001906/ 

nATA(UirU(10,I) » t=l,7>/0.,0.»0.,Q. , .Oo.O., ,021653/ 

DATAiCAl YU ( 10 * I >.t = l» 7)/-, 002069301 7.. 004410380. -3.b66295°. 

1 31.622778., 04b. O...U02003/ 

DATA) (,M1YU110»1).1 = 1. 7)/. 0015784903. ,27141860.., .2202993 ; 

1 -90.247616. .06.0... 002226/ 

DATA(CU1YU(10.I). t =1.7) /-.0003478761b.-, 43104256. 4,2690613.0.. 
1 <05.0,. .001563/ 

DATA (CN1YUI 10.1) .1 = 1. 7)/. 00021431192, -.055138734. -.44508055, 

1 9. 9658416. • 06, , 005, • 000355/ 

DATA(CY1YU( JO.It , 1=1 , 7) /. 00028691536, . 57002bl9»-5. 4058448, 0. , 
l .03,0. ,.002112/ 

DATA 21UH(1, 1) ,1=1.7)/-. 010199244, -.25004168,-2.8889615. 
10... 1,0. , ,006911/ 

DATA(UAIUH( 1,1), 1 = 1 > 7) /. 0033246301 ,-. 18914267 ,38768593, 

1 0., .12, .016, .004584/ 

DATA (UM1UH( 1,1), 1=1, 7)/. 0020691696, .078414997, .25498217, 

1 U.». 12,0. ,,002352/ 

DATA (CU1DH< 1,1) ,1=1, 7)/-. 0011379249, -.050739927, -.54467691, 

1 0. , .1,0. » .000650/ 

DATA (CN1UH( 1,1) ,1=1,7)/+. 0016783900,. 083783238, .88916133, 

1 0.,. 1,0. ,.001026/ 

OATA<CYltJH( 1,1), 1=1, 7)/-. 0036263451, -.20951531. -.97696821, 

1 0. i .1.0. * .002503/ 

DATA(t2lUH< 2,1), 1=1, 7)/-. 0021597353, -.67917698, 2. 2030149, 

1 D.,.12,0., .005710/ 

DATA(cAIUM( 2, 1), 1=1,7)/. 00084467717.-, 1 1755o86, -.20560750 , 

1 0. , .12,0. , .003828/ 

OATAtCMIUHU,!) .1=1,7 )/0. ,0. ,0. , 0. » . 12. 0. » .003061/ 

DATA ( UU1UH( 2, I) ,1=1,7)/-. 0013664026, O490l40b7 » - . 39853918, 
l 0.».l,O.» .000674/ 

0ATA(CNIUH<2, I ) , 1=1, 7) /. 0020467295. . 10582929, .64847448, 

1 U » , . 1 , 0 , , • 00 1Q0 1/ 

DATA (CY 1UH (2,1), 1=1 . 7 )/-. 0043476172 27230722, 85583024 , 

1 0.,. 1,0. ,.002501/ 

0ATA<(,21UH<3.I) ,1=1,7 ) / . 00095569189.-, 83975463, 3.5949040. 

1 0., .12,0. , .005623/ 

DATA(tAlUH( 3,1), 1=1, 7)/-. 0014178126,. 019088997,-1. 0550313. 

1 0., .12, .01, .003433/ 

OATA(tMlUH( 3,1), 1=1, 7)/-. 0018290780 ,-.0010959327, -.29746119, 

1 0., .12,0. ,.001032/ 

DATA (UUIUHC 3,1) ,1=1, 7) /-. 00060987812, -.074837736, -.11617501, 

1 0.,.1,U.» .0UU698/ 

DATA(CN1UH(3,1) ,1=1, 7)/. 0013629073, .13651789, ./(45A60S0, 

1 0.,. 1,0. ,.001074/ 

DATA(CY1UH( 3,1) ,1=1,7)/-. 003161)5811, -.32308172, -.89652575, 

1 0.».1,U., .002450/ 

DATA (UlUH (4, 1) ,1=1 ,7)/-. 00018203725, -.60650366,. 17492840, 

1 0., . 12 , 0. , .005677/ 

DATA((.AIUH< 4,1) ,1=1, 7)/. 0017723433, -.068957909, -.13636 109, 
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1 U.#.12#.02#. 003556/ 

DA TA U.MIUH (4 # I ) # 1 = 1, 7)/-. 0013541272#-. 017398436#-. 3b73A946# 

1 0.#. 12.0.# ,1101135/ 

QATA(cLINH<4# I) , 1 = 1# 7>/-.00U1230«39b»-.0821o9773#-.1583489n# 

1 0# # • i >U • # .000557/ 

DATA(CNIUHt4#l)#lsl#7)/«00051078035».145B8312#,43t079l7# 
l 0.# .1# U. • • 000*713/ 

0ATA<LYlUH<4#n#r=l#7l/-.00159195Ol#-.34l677B2,-.5507959n, 
l 0. #. l#0. # .002077/ 

DATA<L21UH<5# l) #1=1# 7)/. 00094 173140#-, 18718384.-2,8674166# 

1 0.# .12# 0.# ,00636b/ 

OATA((.AiUH(b#I) # 1=1 #7)/. 001 1059299#-. 0871 15893, ,058179381 , 

1 0.f.i2». 01#. 003413/ 

DATA ( CM1UH ( 5# l ) # 1=1 # 7) /-.00272H9361#-. 048914860# .097267140# 

1 0, #. 12 #U. #.001600/ 

DATA (LUKIN! b# I ) # 1 = 1 # 7 )/. 00002380332b #-.08199 11 77 #-, 371 75052 # 

1 1. 3644941#. 1#0,#. 000582/ 

DATA ( CNIOH ( b. I) #1=1 #7)/. 000 13393436, .13628290, ,71300937# 

1 -. 5740=296#. 1»0.#. 000905/ 

DATAUYlUHlb# I) #1=1 #7)/. 00073074507#-, 27243329,-2.8394416# 

1 14, l4«b8l#.l#U.#. 003962/ 

DATA IUIUH (b,l) ,1=1,7 )/. 00051939765 # .28847718,-18.913730# 

1 140. a4o75# ,08# ,02# ,007031/ 

OATA<CA1UH<0, I) #1=1# 7)/-, 000066071509, -.0082030530 #-1.86981 73# 
1 10,9* ''383# . 12#0. # .0U2171/ 

OATAU.t'ilUHlo# 1) #1 = 1# 7)/-. 0011051556# -.11603847#. 713622«1# 

1 U,#,09#0.». 001475/ 

DATA ( (.2 1UH ( 7 # I )# 1 = 1 # 7 )/. 00) 2511790 #. 39042665 # -22. 149902 # 

1 lbB.86U56# .08# .025# .009566/ 

DATA(CA1UH(7#1) # 1=1 # 7) /-. 00028340979# - . 084199689, -.19832264# 

1 0. # . 1# 0. r .001816/ 

DA TA(tMJUH( 7# 1) #1=1,7)/-. 0000079H91442, ,024358474,-2.4396543# 

1 19.087992# .08# .015# ,0023«?/ 

DATA(L21UH(o# 1) # I=l#7)/0.#n,#0,#0,# .1,0.# .012899/ 

OATA(CAIUH(a# I ) # 1=1 #7)/-. 00066327005# -.1218 7716#, 05661 0876# 

1 0«# .1,0. #.001680/ 

DATA ( C.M1UHI 8# I ) • 1 = 1 # 7) /0. # 0 . #0. # 0 . # . 1 # 0 . # ,000881/ 

DAT A ItiiiUH 1 9# 1 ) # 1 = 1 # 7) /0. # 0 , # t) , # 0, # . 1 # 0 , # . 016174/ 

DA T A (CA KlH ( 9 » 1 1 # 1 = 1 # 7) /-. 00071467288#-. 11483830# -. 011504877 # 

1 0. i . 1#U. # .002006/ 

fJA f A ( CM1UH (9#l)#I = l#7)/0.#0.#0,#0.#,l#0,#,0ol 397/ 
DATA(t2lUH(10# I) # I=l#7)/0.#0. #0. #0. # . 1 .0. # .Ul8‘>16/ 

DATA (lAIUHI 10 # I ) » 1 = 1 # 7)/-, 00080542253# -.085743779#-. 050942977 # 
1 0. # ,i#0.» .U02383/ 

0ATAU.M1UHUO# 1) #1=1 #7)/. 000090986288, -.061026137# ,2893171a# 

1 0.# • 1 # U • # .001550/ 

OATAICUPUIl #1) # 1=1# 7) /l. 038182#. 0808142b#-. J90I599E-3# 

1-. 094611 IE-4# 0. #-18., 0./ 

0AfA(U)PB«2# D# 1 = 1 # M/1, 0367126# .05025877#-. 17518496-2# 
l-.967oHofc.-4,o. #-20. #0./ 

0ATA<LUPU<3#I> # 1=1. 7) /l. 026861 7. .03919#.#-. 1623657P-2# 
1-.947253E-4.0. #-20. #0./ 

OATA(v.UHli( I #7) , 1 = 1 #3)/, 13606# .14238# . lftl'578/ 

OATA ALPH0K/15.0/ 

RNFSU MOMENTUM RATIO FOR DOWNWARD FIRING JETS 

RMFSU M0MEN!U'«1 RATIO FOR UPWARD FIRING JlTS 

RMFSY MOMENTUM RATIO FOP SIOtwAY FIRING wfr.TR 

FMHU MASS FLOW RATIO c OR DOWNWARD FIRING JET 9 

FMRU MASS FLOW RATIO FOR UPWARD FIRING JETS 
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C FMHY MASS FLOW RATIO FOR SIOEWAy FIRING JETS 
DO 9V Iusl.2 
CABSO, 

CYfJsO. 

C^Uso. 

CLttsO. 

CMUsO a 
CNtlsO, 

XlC=IALPM*7.5>/5. 

IC-1FIX (XlC ) 

XICS PLuAT(it)*5.-7.» 

ICstC+1 

IF(iC.UT.lO) ICslO 

IF(IC,Lt.O)lC=l 

LCsiCU 

IF(Lt,G?.10>LCsi0 

ARATS(ALI J H-XIC>/5. 

OELTtsOtLTEL 
IF ( 10.Eu.2l UELTEsOELTER 
IF ( 1 1 ,Ut . 1 ) uO TO b4 
C PITCH UP iJATA 

10 MONO2u=N0N0^uL 
RMFSUsRMFSUL 
IF (Iu.LT.2) GO TO 13 
NONO^USNONO^UR 
RMFSUsRMFSUR 

13 IFJNONOXU.Lt.O.) GO TO 85 
XICs<aLPH-17,S)/5. 

JCSIFIX(XIC) 

X1C= FLOAT! JC)*5.+I7,5 
JCSJC+1 

IFI JL.LI .1) JC=1 
IF(JC,GT.5)JC=5 
KCsjC+I 

IF<KC.GT.5)KC=5 
ARAL= ( ALPH-XIC ) /5 . 

IF UlPH.GT.ALPHBK) GO TO 60 
C LOW ANGLE OF ATTACK 

CALL I.EwT(2» RHFSU . CNfcJ . ALPEAK . ALPH ) 

SIGM(1<J,4)=SIG 

CALL HE(V T < 1 » RMFSU* CLU * ALPFAK . ALPH ) 

5IGM1 iu» b ) =SIG 

IF(ALPM.LT.lU.958)G0 TO 16 

CALL CUblC(KMFSU.CYlUH.CYP.JC.KC.ARAL) 

GO TO 17 

16 CONTlNUt 

CALL imEwT » 3 * RMFSU . C Yb . ALPEAK , ALPH ) 

17 CONTI HUt 
SIGMUG.btSSIG 

IF ( ALFH.GT i ALPEAK ) GO TO 55 

XALPH=ALPH-ALPEAK 

00301 1=1 »3 

IF f X ALPH . LT . CUPB ( II . b ) ) XALPHSCUPB ( II » 6 ) 

IF ( XAlPM . GT . CUPU ( II» b> ) XALPHsCUPR ( I 1 . 5 ) 

R A T 10 ( 1 1 ) =CUP« ( 1 1 • 1 ) +XALPH* ( CUPS ( 1 1 . 2 > +XALPH* (CUPR (11.3) +X ALPH* 
1CUPBI1I.4) ) > 

30 CONTInut 

S IGM( iU. 4 )SSUHT ( ( CUPU (1*7) *CLB )**2+SlG**2l 
SIGM ( I« . b ) =5<iRT < (CUPU (2.7) *CUf) ) ♦ *2+S 1C- ♦ *P ) 

SIGM(10.b>=SaKr< (CUPU (3.7) +C YB > **2+SlG *+2 > 
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CLUsCLri*«ATiO(l) 

CNHsciiR*KAT 10(2) 

CYHaCYH*KATlO( i) 

55 CONTIMJt 
bO CONTINUE 

CALL cUbIC IRMFSU*CAIUH»CXR.IC»LC»AHAT) 

5IfiM( lw, l)=SIG 

CALL CUbIC <hMFSU*CZIUH#CZB,ICiLC»ARAT> 

SIGM< W. 2)3510 

CALL LUbIC (UMPSU»CMIUH#Cf'B,lC#LCfAKAT) 

SIGM(lw»3)=bJG 

IF ( ALf H,LE « ALPHSK ) GO TO '■><) 

CALL LUbIC ( KMFSIJi CNIUHf CNH t«JC iKC * AKAL ) 
SIGMUU»4)=SIG 

CALL CUUIC IRMFSU# CYIUH* CYB »«JC * KC » ARAL ) 
S10MUU.b)=SIG 

CALL CUbIC tHMFSU*CLlUH*CLR* JC»KC#AHAL) 
SIGM<I»#5J=SIG 

go ru uu 

C PITCH OOWN ANALYSIS 
b4 IFUT.fcu.3>00 TO 75 

65 NONOZObNONOtDL 
HMFSOiRMFSDL 
IFtIG.EU.l) GO TO 66 
MONOZC-sNONOZbK 
HMFSL=RI»iFSDk 

66 IFINONOiU.Lt.O. ) GO TO 65 

C ALL CUb 1 C ( KrtFSD * C A IDL t CXR , IC , LC , AR A T ) 
SIGMU0*1)=SIG 

CALL CUb 1C ( RtoFSD * C 2 1 t)L # C Z " ■, 1C . LC # AR A D 
SIGM( 10 » ii ) SjIG 

CALL CUbIC(KMFSD*CMIOL#CMFV,lC#LC#APAT) 
SIGMU0.3)Si»IG 

CALL CUHlC(KMFSO*CtUUL»CNF,lC#LC,APAT) 
SIGM(10,4)=SIG 

CALL CUb 1 C ( kWFSD * CL IUL # CLN * IC » LC i AP A T ) 
SlGM<iU,SI=S10 

CALL CUb 1C <KMFS0*CYIDL*CYP » 1C »LC > AR AT ) 
SlGMUO'blSSIG 

C CONTROL Ut.Fc.ECT ION CORRECTIONS 

CALL OEFLI IT »UELBF f 0»CXO*CYO*C2 Q»CLQ»C m O»CNo#DFO) 
C bOOY FLAP CORRECTION 

CALL UEFLI 1 1 ,UELTE»2.CXC#CYC#C7C,CLC»CMC»CNC»DFL) 
C ELEVATOR CORRECTION 

CXbSCXM+CXC ♦|3FL+CX0*UFQ 
CYb=CYM+CYC*UFL+CYQ*0F<5 
CZbsC<'H+CZC-*UFL+C7Q*UFQ 
CLU=CLU+CLC+UFL+CL0*0F0 
CMB=CMm-CMC *UKL+CMQ+iJFQ 
CNHsCNH+CNC*OFL+CNQ«OFQ 
GO IU oo 
C YAW ANALYSIS 

75 FMRYSPMKYL 

t I0W0Z Y sNONO z yL 
IFUu.F.g.I) GO TO 7b 
FHRYspMRYR 
NONOZYSNONOcYrt 

76 IFtNONOZY.Lt.O) GO TO G5 

CALL UJblC IFWRY i CZ 1 rL * CZf. r IC »LC » ARA D 
SIGMUU»i)=SIG 
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CAUL UlbIC IFMHY .CAlYL»CXI 5 .IC.LC.ARAT) OP POOR QUALITY 

CAUL cubic IFMHYfCMlYLfCMU, IC.LC.ARAT) 

SIGMI XO# 3) =bIG 

CAUL LUbIC (FMKY.CLIYL.CLR.IC.LC. ARAD 
SIGM(lN»b>=blG 

CAUL CUblC (FMY.CNI YL.CNR. IC.LC.ARAT) 

SIGM<I0.4)=bIG 

CALL cUbIC (FMKY.CYIfL.CYR.lC.LC. ARAT ) 

SIGM(i«»b>=SIG 

C CONTROL DEFLECTION CORRECTIONS 

C ALL LEF L < I T . DELTF .<: » CXC . C YC » CZC . CLC » CMC . CNc . UFL ) 

CX»=CxB+CXC*OFL 
CYHsC»H+CYC*UFL 
CZB=C<iH+CZC+OFL 
CLB=CLb+CLC*OFL 
CMb=CMi+CMC*QFL 
CNH=CN0+CNC*0FL 
GO 10 90 
05 CYB = 0.0 

CZb =0.0 

CMb =0.0 

CNH =0.0 

CLB =0.0 

CXB=0, 

D005blSI=l>O 
05b SIGMUU. ISI)=U. 

90 CONTINUE 

THE FOLLOWING DATA MUST BE REVERSED IN SIGN SO AS TO C0RHEC3LB 
CORRELATE THE BUILT-IN CUPVE FIT COEFFICIENT DATA (BASED ON WIND 
TUNNEL TEST DATA) WITH BODY AXES CONVENTION, 

CZB = -C4b 

CXB=-cXb 

IF(IT.NE.l) GO TO 97 
CYB = -CYb 

CNB = -CNB 

CLB = -CLB 

97 IF(IO.GT.l) GO TO 90 
CXI=CaU 
CY1=CYB 
CZl=C t b 
CL1=CLB 
CM1=CMB 
CNlsCNB 
GO TO 99 
90 CXB=Ca1+CX» 

CYBsCYI-CYB 
C^b=C4l+CZU 
CLbsCLl-CLB 
CMB=Ci>il+CMB 
CNBsCNl-CNB 
D09991SI=1 to 

999 SIG1N(I ( . ISl) =SORT ( SIGM ( 1 . ISI ) **2+SIGM ( a , IS I )#*2) 

99 CONTINUE 
RETURim 
END 
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SUliKUuT i I IE NtW r ( J t X • YM AX » X A , ALPHA > 

COMMON/LRPOK/SIG, SIGM(2.b) »5IGIN(3»b)»SIGIM(3,6) »SIGTH( 3,6) 
PIMfcNSIUN C (t> , 7 ) 

C C!l,I)=PtAK HULLING MOMENT AS a FUNCTION OF MOMtNTuM PATIO 
PATAU! I* n.l = l*6)/-,lQ31l2b6E-02,-. 4028187, 1,4107644, 

1-4, 8493416, .12,0./ 

C C(2»I)=PEAK YAwINR MOMENT AS A FiJNCT ION OF MOMENTUM PATIO 
0ATA(L<2»I> *1=1 ,6) /.1053117bE-O2,,671<H02»-l. 1489908, 

11,2090142. .12.0,/ 

C C(3»I)=PLAK blOfc FORCE AS A FUNCTION OF MOMENTUM RATIO 
I)ATA(l( J» I) . 1=1, 6)/-.22b617bE-02, -l, 189386,-9.6839178, 

100.HUU641. .lobbl.O./ 

C C( 4,1) SPEAK ROLLING MOMENT AS A FUNCTION OF ALPHA 

OATAUU* I) » 1 = 1. 6 )/-,010bn376».1094004E-02.-,42bfl494E-04., 4827789 
119fc-Ub.U.* 17,41484/ 

C C ( b . I) SPEAK YAwING MOMENT AS A FUNCTION OF ALPHA 

PArA(t(b»I)»I = l,G>/ . U1767 1924 19^2 10 74E"02« .A2349374F-04, 
l-,912uHiU3E-0b»0. . 16,6383/ 

C C!6.I)=PtAK SI On FORCE AS A FUNCTION OF ALPHA 

OATAUU* I> » I = l.b)/-, 030418188. .490338F.-02.-, 170847bE-03. 
l-,32174b23E-0b.0, . 10.95834/ 

OATAIC! 1.7) ,1=1,6)/, 0019976, ,01)1069. .0D538P, , 00141 7, , 00234, . 00424/ 
C COMPUTE PEAK VALUE 

IFU.oT.CI J»5> )X=Ct J,5) 

YMAXSU J»1)+X*!C( J,2)+X*(C(J,3)+X*C« J»4>) ) 

SlGsCU, 7) 

IF 1 U,Nt . 2 )G0 TO 20 

C YAWING MOMENT CURVE IS USED TO COMPUTE ANGLE OF ATTACK OF PEAK VALUE 
C UY NEwTON-kaPHSON ITERATION SO J = 2 IS UONE FIRST 
C COMPUTE PLAK ALPHA 
ICN I -It 
XA=0, 

ERRORS, 001 
K=U+3 

GUEbbsl rMAX-C(K.l) )/L(K,2) 

5 ASXA+WJtSS 

IF(A.0t.t!K,6) )GUESS=(C(K,6)-XA)/2, 

ICNTsiCnT+I 

XAsxA+GuESS 

GUESb=( Yf4AX-(C(K»l)+XA*(C(K»2)+XA+U!K»3)+XA*C(K»4) ) ) ) )/ 
l(C(K,c)+2»*G(K,3).XA+3.*C(K,4)*XA*XA) 

IF(AbbtGUESS) .GT.ERRORIGO TO 5 
IF! ICHT.GE. 100)00 TO 15 
IF(XA,GT.C(A,b) )XA=C(K,bl 
IF (AUHMA.LE.xA (RETURN 
GO ! 0 21 

lb PMINT2HU0,UNT,XA 

*0U0 FORMA 1 ( 4 1H0 (HOUHLE IN PEAK VALUE ITER A 1 ION IN NEWT , IE,F,?0 . 7) 
xAsib, 

RETUKu 

C COMPUTE PL Aa VALUt AS A FUNCTION OF ANGLE OF ATIACK HECAUSr ANGLE IS 
C ABOVE PEAK v ALU u 

20 IF(AUPHa.LE.xA)RETURN 

21 K=Jf3 

YMAx=l(K, 1)+ALPHA*(C(K,2)+ALPHA*(C(K,3)+ALPHA*C(K.4) ) ) 

RtTURl, 

CNO 
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SUMKOurme UtFL(l«DfcL,IFLAP,CX»CY*C2,CL,CM,tN,nFL> 
COMMOH/tOMP/lOLCjAKAT.RMFSCWFMRT 

COMMOt,/DfcFLbCT/CLP3im0*7>»UP30<10,7) ,LMP3u(ll),7) ,CAP30(10,7), 
i czpiouo»7>»a.pinuoi7« ,cMpi<mo,7> ,cAPtouo,7).cMPtmo,7 

2) *UPb(lO,7>,CMYiO(lO»7>*CAYlO(i0,7),cm(mO*7>,CLYlO<lO,7), 
3C2Y3UUU*7>,CAY3OU0*7>,ClY30<lO*7>,CMY3O(lO,7) 

(, C~Pb AUl bUt/Y FLAP DATA 

OATA(LMPb(1*1)*I=1,7>/0.,0,,0.*0.,.12,0.*0./ 

0ATA(cMPb<2* l>»I=l,7>/O,*-,O3O81H3»*.7n9O49.0,, .Q«8» .03,1)./ 
PArA(cMPD(3* I) » 1 = 1 . 7 )/0. ..011613.1.217626.0,. ,068.0, .0./ 
0ATA(C>1Pb(4, l) , I"l,7)/0.» .Ob899. , 495064. 0. » ,000*0. *0./ 

0ATA(cMpri(5» I)»I=1»7)/Q.» .1277447. »(HI32b9,0. . .400,0. .0./ 
DATAtcMPb(6»I)»I=l, /)/0... 1 3B6713.-. 300274. 0...05A.0..0,/ 
DATA(CMPtt(7» I)»l=l»7>/0., .0034596 *-.526 711 » 0 • . ,000.0. .0./ 
OATA<<.MP«<fl,I)»I = J. 7)/0...00«OP33». 946 702. 0.,.()B«.0,.0./ 
0ATA(CMPb(9,l)»t = l» 7)/0.» ,0160753* l . 197332, U .», 1)8* » U . *0 . / 
UATAU.9Pb( lu,l> .1 = 1. 7>/0.». 080233. .693376.0, . ,i)0fl,O,,O./ 
DATA(C/PH<l»i)*I=t, 7)/0.,O.,O,»O.*.12*U.*O./ 

DATA U/Pb 1 2,1) .1 = 1.7 )/0.,0.,0,,0,,.12,o..0./ 

DATA(c/Pb( 3, 1 ) , 1 = 1 , 7)/0,»n,,i),,0.,,l2»n.»U./ 
tiAIA((./Pb(4,ll,I = l,7)/0,»n,, >,,0.».12»O.,0./ 

DATA (cZPH (5, I), 1=1,71/0. »-• 444490*8 , 08 1()47 , >30,01423. .0306, 0 . , 0 ,/ 
DA TA(C2Pb (6,1), 1 = 1* 7) /O. ,-.59755, 7.043025,-10.818, . 0424 . (1 , , 0 ,/ 
DATA(tZPb(7,l),I=l, 7J/0.,-. 557690, 6. 08094, 1604,. 0423.0. »0./ 
DATA (c2Pb(8,l>, 1=1, 7 )/0,,-. 30137 ,2. 046037, -14. 72774,. U47.0..0,/ 
OATAU/.Hbl e ).l).I = 1.7)/0.,-,006397.12.101»-«3.4i7?» . U33 1 , 0 . » 0 . / 

OAT A IC/Ptl (lo, 1), 1 = 1, 71/0. »-, 4 1052 7, -.860257 »0.,,OAfl,0.,0./ 

C c-P— ANc PITCm DOWN RC5 DATA 
C C— 10 AWL *10 UE6 ELEVATOR DATA 

DATACL/.P10( 1, 1) , 1 = 1. 71/0. * .bUh/0336, -4. ol4 lob 78,0, , .0657,0. »n./ 
DATA(c2P10(2, I ) , 1 = 1. 7)/0. , .43b209, -2. 8546235,0. . .07b3,n. ,0./ 
DATAU,2H10(3»I) ,1 = 1, A)/0.,-.094n«ji)2,rt.57534o,-64,«479, .n«6.0.,0,/ 
DATA ( C2P 10( 4, 1) ,1 = 1,7 I/O,. 0.»0. ,0.» .12,0. »0./ 

DATA U2P1I) < 5. 1) .1 = 1, 7 I/O..-. 454UH7»b. 903626,-30.0 142, .06*0.* 0./ 
OATMC/P lOlo.l) , t=l, 7 )/0.»-. 173979, 1.0059981 *-18.8104, .06,0, ,0./ 

DA TA(C2P 10(7, 11,1=1, 71/0. ,0.,0.,0.,, 12, O.,0./ 

DATA<(,.P10(O,l),l = l,7)/0.»0.»0.»0.».12»0.»0./ 

DA f A (L2P10 (9.1) ,l = l,7)/0.,n.,0,,0...12,U.,n./ 

OATA(c/P10( 19* l ) » I=l,7)/0. ,0. ,0. ,0. , . 12,0. , 0 ./ 

CATA(U.P10U,I) , ! = l, 7)/0.».0b01934. ,4024273, -1 1 ,06130. . 05. 0 . , n . / 
DATA(LLHlO(c» I) , I=1.7)/0. ,-.0019006 ,1.2250 U. -13. 31027, .05,0. ,0,/ 
DATA(U.P10(3, l) ,1=1, 7)/0.»0.,0.»0.» .12,0. »«./ 

0ATA<U.P10(4, I) ,1=1, 7) /0..-.O7'»0b35, 1,0242953. -4, 30914, ,080.0, ,0./ 
DATA (CLP 10 (5. 1) .1 = 1,7) /0.»-. 064390, -.0279 73, 2.60379,. (188.0..0./ 
DATA (CLP 10 (o. I) , 1 = 1. 7) /O. ,-.034240,-. Lon 15.0, » .000.0, ,0./ 
DArrt(cLP10(7,l) , 1=1, 7) /O. ,-.02«235»-. 233604,0., .000.0. ,0./ 

DATA (CLP 10 (o. 1) , 1 = 1, 7 I/O. * .017032, -1.20932 »b.04f, 9. . 008, . 022 » 0 , / 
DATA (CLP 10 ( 9. 1) , 1 = 1, 7 I/O. ,-.0043639,-. 75004 , fj . n0O0A 008, 0 .* 0 . / 
CArA(CLPlO<10,I) , I-l,7)/0.,-.l),0.,0«,.l2,0.,0./ 

DATA (cMP 10(1, 1) ,1=1, 7) /O.,-. 4772946, 6. 70496,0., .041,0. »0./ 

DAT a (CMP 10 (2, 1) ,1 = 1, 7)/0.,-.30Mb68. ». 11020 » 0 .,. 0376, 0 ., 0 . / 

DATA (CMPIO ( b , I ) , 1 = 1, 7) /O, ,-.203773,2.095427,0., .0352.0. ,0./ 

DATA (CMP 10 (4,1) ,1 = 1, 7) /O. ,0, ,0. ,0., .12,0, ,0./ 

DATA (cMPKK 5,1) ,1 = 1, 7)/0.« .09622, .767693, 0. , .088,0. ,0./ 
DATA(CMP10(b,I) ,1=1, 7)/0. ,. 04 1 0377, 1. A 01176,0.,. 088, 0,,0./ 

DATA (CMP 10 (7,1) , I = l,7)/0. ,-.101365,3.320115.0,, .088, .015,0./ 

DATA (cMp 10 ( 0 » I ) , 1 = 1,7) /0.»0,»0.»0.». 12,0., 0./ 

DATA (CMP 10 (9, 1 1 , 1 = 1, 7)/0. ,0. ,0. ,0. , . 12,0. ,0,/ 

DATA (CMP 10 (10, I ),lsi,7)/0.,U.,0.,0.,.12,0.,U./ 

C C— 30 AWL -50 ULG ELEVATOR DATA 

DATA (LLP30( 1,1) ,1=1,7) /0...1 12554,. 7 76222,-1 1.061 38,. 008,0., 0./ 
DATA (LLP30I 2,1) . I=l,7)/0., .0805115, .928726,-13.31827, .080,0, ,0./ 
DATA(CLP30(5» 1) .1 = 1. 7) /O. , .1208744, -.861033, 0. , .080.0. ,0./ 

DATA(LLP 30(4,1) .1=1. 7)/0« , .U34H942, .21750706,-4.30914, .088,0. ,0./ 
DATA(cLP30( a, I) ,1 = 1,71/0., .052602,-.6985o7, 2.683793, .088,0. ,0,/ 
DATA(CLP30(o, I) .1=1,7) /0.» .07in422,-.4h0898,0., .080,0.. 0./ 
DATA(CLP30(7» () .1=1,71 /0.». 0967065* -. 579512 , 0, ,. 000 , 0 0./ 

DATA (LLP30(b,I) ,1=1, 7 )/0.» .1345912,-1.466610,6.84680, .O80,O.,O,/ 
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0ATA(CLP30(9» I) ,1 = 1# 7) /0.». 118667, -, 961303, 5. 0*088, .08,0. »(>./ 
DATA(CLP30( 10, 1) , l=l»7>/0.» .l245ZH2,-,7B*6»4.b45t» .07,O,,n./ 
DATA(cZPJO<l,l) , 1=1, 7 >/0.«. 905 7804, -3, 811823,0,, .1,0.#0./ 
l)ATA(C2P5QU»l) > 1 = 1 r 71 /0 .* ,6207267,-4 . 13810*,. 0.*. 1,0. ,0./ 
OATAlUPilM J,I) »l=i»7)/0. » ,1894748, 7. 64l2b*-64, 4979, ,l*0.*n,/ 
DATA(c2P30 (4, I) ,1=1,7) /0.». 1039182,5.669416,-43.737769. .l»0.,o,/ 

DATA(c/P30<5.I) ,1 = 1, 7 )/ 0 .,-, 11215 , 6 . 10 11271, -36. 01 423, . 09 . 0 . ,0./ 
DATAUZP J0(u,l) ,1=1, 7>/0.».05360B2»2.5Ou97,-lB,81*4,.U9,Q..0./ 

DA r*(C2P30( 7,1) ,1 = 1, 7 I/O. ,.3363512# .5A57*07, -25. 16014, ,09»n, ,0./ 
DATA(C2P30(d,I),I=l,7)/0,, .597206,-2.412586 7,-19,72774,, 09, 0,»0«/ 
DA f A (CZP 30 (9, 1), 1 = 1,71/0. ,,04 39 123,6.4* 3934, -83. 417 19,. 09, 0,,0./ 
OATAU.2P JO (1U,I) ,1=1,7 )/0.» .37*4968,-3.4756065,0., .04,0., 0,/ 

DATA (cMPJO (1, I ), 1=1, 7) /O.,-. 5524307, 4. 1661*1,0.,. 09,0., 0./ 
0ATA(cMPJ0(2, l) »I=l,7)/0. »-.b0Ul44l2»4.6953353»0., .U«»0,,u./ 

DATA (1.MP JO (3,1) ,1 = 1, 7 I/O., -.41036849, 3. B207o7,0.» .09,0., 0./ 

DATA U. -IP JO (4, 1) ,I = l,7)/0.,-.240B241 3, 2.3301214, 0. , .04,0,, 0./ 

DATA (CMP30 (s,I), t = l, 7) /O, ,-.1470361,1.75829358*0. , .0*5,0. ,0./ 
OATA(cMP JO (o»I> ,1=1# 7) /O.,-. 19340625, 2. 1214309,0., .09,0.,0./ 

DATA U,MP30( 7, I) ,1 = 1,7) /O. ,-.27780826, 1.99743797,0. » .09,0., 0./ 

DATA (I.MP30( 8, I) ,1 = 1,7 I/O., -.45264811,4.0059764,0., .09,0. ,0./ 
DATA(cMP30(9,I) ,1=1, 7)/0.,-, 35852212,2. 526123,0., .09,0.,'t./ 

DA fA(CMP30( 10,1), 1 = 1* 7) /0.,-,273(i042 7', 1.235369*9, 0,,. 09,0., 0 ./ 

DATA <tAP30( 1,1), 1 = 1, /)/ 0.,O.,0.,O.» .12,0.,0./ 

DATAUAPJOU* I) *1 = 1,7 )/0.»0.»0. »0.» .12,0., 0,/ 

DATA (tAKJOI 3,1) ,1=1, 7)/0., 0, , 0, 12, 0.,0,/ 

DATA(tAP30(4,I) ,1=1,7 )/0.,0.,0.,0.,. 12,0., 0./ 

DA TA (CAP30 ( 5 » I ) , 1 = 1,71/0. #-.1735844, 2. 30974b, -10. 74809, .1,0. ,0./ 
DATA (cAH JO ( b, I ) ,1=1, 7 ) /O., -. 18284160,1. 1830 Jl, n., .1,Q.,0./ 

OAT A ( CAP JO ( 7, 1), 1 = 1, 71/0., -, 206174, 1.96 794,-5.734) 61, .1 ,9.#0,/ 
f)A rA(v.APJO(b» I) ,1 = 1, 7 I/O., -.1549924,1. 1465491,-3.833258, .1,0. ,0./ 
OAT A (CAP JO (9,1), I = 1,7)/0.,-.10263J6,-. 83891469, 7. 787374, .1,0. ,0./ 
DA r A (CAP JO (10,1), 1=1, 7 )/0.,-. 2747671, 1.3246952, -2. 1262*8. .1,0., 0./ 
C C-Y— Artt. TAW KCb DATA 

DATA (CLY 10(1, I) ,1=1, 7)/0.,. 06512 17, -1.93635,0.,. 05,. 03. 3,0./ 

DATA (CUY 10(2, l) ,1=1,71/0. ,-.0272226 89*4637.0., .05.0. »0./ 

DATA IcLYlO (3,1), 1 = 1, 7 I/O., -.0151378, -.38125675, 0. , ,05,0.,0./ 

DATA (CLT 10 ( 4, i), 1=1, 7 )/0.,-.0297554,. 13628365,0., .05,0., 0./ 

DA r A (CLY 10 ( 5, 1) , 1=1, 7)/0.,-, 0630139, -.1460194,0., .05.0. #0./ 

DATA (CLY 10 ( b, 1) ,1=1,7) /0.».00b0522, 1.783304,0., .05, .003,0./ 

DATA (CLY 10 < 7, I) , 1=1, 7) /O., -.0126222, -1. 251029, 0., .05,0., 0./ 

DATA (CUY 10(0,1) ,1=1,7) /O. ,-.0173344, -. 97*3852,0., .05,0., 0./ 

DATA (CUT 10 (9,1) ,1 = 1, 7) /O.,-. 0514681,-. 0790533, 0., 0.05,0., 0./ 

DA T A (CL Y10( 10, I). 1=1,7) /O.. ,0283333,-1.254912,0,. .05, .02,0./ 

DATA (cMY 10(1,1) ,I=l,7)/0. ,n, ,0. ,0, , ,05,0. ,0./ 

DATA (CMT10 (2,1) ,1=1,7) /0.»n.,0.,n t , .05, 0.,0./ 

OATA(c M Y 10(3,1), 1=1, 7>/0.». 067611,-. 0247677, U.,, 05, 0.,0./ 

DATA(CMy 10(4, I) , 1=1, 7 ) /O. , .3064222,-4.6270487,0, , .0331,0. ,0,/ 
OATAUMY 10<b,I) ,1=1,7 )/0.». 3766199, -3. 295246,0.,. 05,0., 0./ 

DATA (CMY 10 (6,1) ,1=1,71/0. ,.2335367, -.4*4581,0., .05.0. ,0./ 

DATA(CMY 10(7,1) ,1=1, 7 )/0.,. 0601)2697, 1.655791,0.,. 05, 0..0./ 

DA TA( CM Y 10 ( 0 , 1) ,1 = 1,7 )/0.,-. 0735547, 3. 72705, 0, , .05, .0197,0./ 

DA TA>( CM YlO(9,I), 1 = 1, 7)/0.» .3109171, -7, 8 3*526,93.32 -3 7, ,05,0. ,0./ 
DATA (CMY 10 < 10»1), I=l» 7) /O. ,.2235781,-7. 366294, 90.24762,. 03. 0.»0./ 
DATA (CAY10 < 1,1), 1=1, 7 )/0.,-. 135835# -1.6009645,0., .05,0., 0./ 

DA r A (CAY 10 (2, 1). 1 = 1, 7 I/O..-. 1431525,. 09176022.1).,. 05, 0.,0./ 

DATA (CAT 10 ( 3,1) , 1 = 1, 7 )/0. ,-.2054548, 1.20008o5,n., .05,0. ,0./ 

DATA (CAY 10 (4, 1) ,1 = 1,71/0. ,-.28414775, 3.2769*64,0. , .0433.0. ,0./ 

DATA (CAY 10 (5, 1) , 1 = 1 , 7 ) /O 556291 , 20 . 9*74477,-246 . 3476, . 02 , 0 . , 0 . / 
DATA (cA r 10 (o, 1 ) , I = 1,7 I/O. ,-.6029302, 18.390013,-104.436, .025,0, ,0./ 
QATA(CAY10< 7,1) , 1 = 1, 7)/0. ,-.3520 1 358, 9. 319685, -92. 466. .025,0. ,0./ 
DATA (CAY 10 (8, 1) .1 = 1, 7) /O. ,-.1403738,4.223294,-56.3426, .03,0. ,0./ 
DATA ( CAY 10(9, I) , 1 = 1, 7) /O. ,-.3191362,9.550405,-123.6316, .03,0. ,0./ 
DATA(cAYlO(10,I), 1=1, 7)/0.,-. 2771 05b , 4, 85 2895, -31. 62278., 05, 0..0./ 
DATA(CZY10(1,I) ,1=1,71/0.. .9616367,-13.529153,0. , .035,0. ,o./ 
OATA(c/YlO(2, I) ,1=1, 7)/0.« .b97Hl 676. - 11 . 563301 5 , 0 .,. 0302, 0 .» 0 ,/ 

DA TA (CZYlO (3,1) . 1 = 1, 7) /O. ,0. ,0. ,0. , .05,0. ,0./ 

DATA (C2Y 10(4,1) ,1=1, 7 )/0 1H4505* , -1 .8070644, .0 , .05.0. ,0,/ 

DATA (CZY 10(8, 1) ,1 = 1,7 I/O.. -.5933273. 3.7516572,0. , ,05.0. ,0./ 

DATA (c/.Y 10 (o, I) ,1=1, 7) /0..-2. 238434, 76.76023,-827.26, .025.0. ,0./ 
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PATA CC^Tr 10 * 7. i ) , 1 = 1# 7) /0, #-2.7899258, li»6.6892, -1277. 39*. 1)2# 0,,n./ 
DATA<c£rlO<a# I) ,1=1*7) /U.#-. 48753865,-1 7.27o3"2#0. , .05.0, ,0./ 
UATAtC/t I0(9,l),l=l,7)/0.#-1.0h9861<-l.i,9535f.,0*.05#0.#0./ 

DATA (C2T 10 <10#l)# 1 = 1# 7) /O,#-. 17183747, -24,36 ill *0.#.05#0.#n./ 
DATA(t2Y30(l,l)#I=l*7)/0.# ,4465306# -.8069369 0 . # .05* 0 , # 0 ./ 
PATA<c,CY30<2* I) *1 = 1# 7)/U.# .&9421b99,-8.91726 , '2#0.* .U333,0.,U./ 
DATA(c 2Y30<3#1) ,1 = 1, 7)/U.# , 7167401 *-16 . 280571(4 , Q, #, u234 , 0 .,(). / 
n ATA(C2Y30<4#l) ,1 = 1# 71/0. *0.#O,#(), *.05,0.# 0,/ 

DATA (L2Y 30 (5# I ) * t-1 # /) /O . U637388 ,- 3 .635004, fi, # , 05# O. *0. / 
0ATA1C/T 30 ( b* 1 ) * 1 = 1* 7 ) /O. #-l. 6976765# 72. 46, 41,-627. 26,, 015* 0.#0,/ 
DATA (LEY 30 <7, 1 >, 1 = 1, />/0. #-2.193, 103.6645, -1277, 39*. 015, u.,0./ 
DATA (C2Y30 ( U, I ) • 1=1 # 7) /U . * . 2U0H325* -19 703 lb* 0 . * . 05* 0 . * 0 . / 

DATA (cEl 30(9, 1) #1 = 1*7 I/O. #.4 U0U46#-23.Otlll4b*O.* .05.0.* 0,/ 
DATA(c/.Y30<lU#I ), l=l,7)/U.» ,3662593,-21 .84 301 *0. # .05*0. *0,/ 

DATA (cAY 30 (1,1) ,1=1, 7) /O.#-. 1027983,-. 2553071*0.*. 05# 0.*0./ 

DATA ((.AY 30 (2.1) * I = 1»7)/0.*0.,0.*0,,.(I5.0.*0./ 

DA TA(CAT30(3,I), 1 = 1*7)/ 0. . “.2399472 *3, f. 730053* 0. *.032 7*0, ,0,7 
DATA <(,A Y 30 ( 4, 1) ,1=1, 7) /O. *-.29410405, 4 , *136/05*0., ,035ft* 0, *U,/ 
DATA (CAY 30(5,1) , 1 = 1, 7>/0.#-.576255r22,H<J203#-246.J75# .016,0. ,0./ 
DATA (CAY 30(o.I) *1 = 1, 7)/0..-. 5933965. 19. 74591, -104, 436, ,02,0. ,n,/ 
DATA (CAY 30 (7,1) ,1 = 1. 7) /O. *-.353379 *10, 63220,-92.466* .02*0.* 0,/ 
OArA(cAY30(6,I),l=l,7)/0.*0.,0.*0.,.U5,0.,0./ 

DATA (cat 30(9*1) ,1 = 1* 7>/U.*0.,0.*0.* .05*0. *0,/ 

data (CAT 30 ( 10 #l)#I=l# 7) /O. *-.2287461* 3,427 166.-31 .6220, .05. 0 , *0 ./ 
DATA (CLI 30 (1*1) *Xsl*7)/0.*0,*0.* 0. *.05*0. *0,/ 

DA TA(cLf 30(2, 1) ,1 = 1, 7 I/O.#. 06582136,-1 .363924, 11 .,. 0241 * 0 0 , / 

DATA (CLY30I 3,1) #1=1*7) /O.*. 15920629,-2,6356227,0.* .0302*0. #0./ 

DAT A (0.730(4,1) ,1=1, 7>/0.* . 18161U66.-3. 0651a# .0* .0296,0. *0./ 

DATA (CLT 30 (6*1) *1 = 1* 7 ) /O. *. 11935401 * -2 . 79640478 , 0 .*. 021 3. 0 .* 0 ,/ 
DATA(CLT30(6,I) *1=1* 7)/0.,.lb 74292, -3. 4092864,0... 0231*0. *0,/ 

DATA (CLT 30 (7, I) , 1=1 , 7 ) /O .*. 14585008,-2 , 773725* 0 .*. 0260* 0 .* 0 , / 

DATA <0 730 < 0 * I) *1 = 1* 7)/0.* .154335,-2,576349,0., .03*0, ,0./ 

DATA (CLY 30(9*1) * 1 = 1 # 7) /O . # . 130 79102# -1 . 8875u6b# 0 . # . 0346, 0 . . 3 , / 
0 ATA(Oy30( 10*1) * 1 = 1*7) /O., ,12984339,-1.2316626*0. » .05*0. .0,/ 

DATA (CMY 30(1*1) , 1=1* 7)/0.* -.1583072*. 2749334*0.*. 05*0. *0./ 
DATA(CMY30(2*1) *1 = 1*7 l/U.*,-. 41 109163* 7. 277437, i).,, 0282,0., 0,/ 

DATA (CMY 30 (3,1) * 1 = 1, 7) /O. #-.35820426 -6. 0390632,0.*. 0294, 0.,0./ 
DATA (CMY 30 (4, l) , 1=1, 7) /O.*-. 14289157, 2. 14623779*0. 1 ,0353,0. *0./ 

DA Ta(cMY30 (6. 1) # 1=1 *7) /O. *.05090218, ,60594117, ,0. .05,0. *0./ 

DAT A (CMY 30 < 0 , I ) ,Isl,7)/0.*0..0.*O.*.05*0.,0./ 

DATA (CMY 30 ( 7,1) , 1=1 , 7) /O . .- .21 76202 , 3 . 181 1704 , n . , . 0342, 0 . , 0 . / 
DATA(CMr 30 (0,1) *1=1*7) /O.*-, 2481885,3.921589*0.,. 0316,0.,0./ 
DATA(CMY30(V, I) #1=1, 7)/0.,-. 1237619, -6.19504, 93. 324# .05*0. *0./ 
DATA <CMY30( 10*1) # 1=1 # 7) /O .* . 1000102,-9 . 991 165# 90.2476* . 05* 0 , , 0 ./ 
0FL=0 , 

CX=0. 

CY=0. 

C2=0. 

CL=U. 

CM=U. 

CN=U. 

tFU.nt.2K50 TO 190 
C PITCH DOWN CORPLLAT ION 
C IFLAP = 0 15 BODY FLAP COMPUTATION 
C IFLAP = 2 15 ELtVON COMPUTATION 
100 IFUFLAP.GT.DGO TO 150 
C BODY FLAP CORRECTIONS FOR - OEFLECTIONS ONLY 
IF ( UtL.CE. 0 , ) RETURN 
DFL=(cEL/ (-14.25)) ♦*.75 
IF(DFL.or.l.)UFL=l. 

CALL CUbIC (RMPS0,C2PB,C2,IC»LC,ARAT) 

CALL CUbIC (KMFSD,CMPB,CM-, JC,LC#ARAT) 

RETURN 

150 IF ( utc )lo0,30U,175 
C ELEVATOR DEFLEC t ION CORRECTIONS 
lbO DFL= (UtL/ ( -30 •))**• 75 
IFIOFL.Of.l.) DFL=1 . 

C TRAILING tDcE UP CORRECTION 

CALL cUbIC (HMFSO# C2P30 ,C2 , IC . LC . ARAT ) 
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CALL CUBIC (KMF5t)*CAPjO*CX » tC#LC*ABA| ) 
CALL CUblC(KMFSUtLMP30.tP.tC.LCiARAU 
CALL c'JbIC (KMKbU»CLHJ0*CL# IC»LC» AOA1 ) 
RETUkw 
175 CONTINUE 
C TRAILING tUuC OvlwN 

UFL-iOtL/lO, ) **,7b 
IF<OFi,.or.l.>UFL*l. 

CALL UlUlC(HM^U'CZP10'Cl'ICiLC>ARAn 
CALL CUBIC (RMFSOiCMPIOiCM* tCiLC i ARA f ) 
call CUBIC <HMf-SD#CLP10*CL»!C»LC»ABAT) 
PE TURN 

190 lFIl...t.3»GO TO 300 
200 IF I IPlAP.LT < 1 > RETURN 
C YAw COHKtLTlOl-l FOR ELEVOH ONLY 
IF ( DEL (*10000*250 
*10 OFLS(btL/(-JO.))**f7i) 

IF ( OFLtV* I • 1 • ) 0FLS1 ♦ 

C TRAILING LflOt UP CORRECTION!, 

CALL UJbIC<FMKY.CZY 3U*CZ*IC,LC*AHAT) 
CALL cUblC(FMRY.CAY3U*CX» IC,LC» AKAT) 
call UlbiClFHKY*CMYJU*CMi IC»LC#ARAT> 
CALL CUbIC (KMRY *CLY 30 *CL » IC »LC # ARAT ) 
RE TURK 

250 UFLB(LEL/10.)**,75 
IF(CJFL.ulr.l.)OFLSl. 

C TRAILING LUGE DOWN CORRECTIONS 

CALL CUBIC <FMHY,C2Y10*CZ»IC,LC*AKAT) 
CALL CUBIC (FMKY»CMY1U*CM* IC.LC.ARAT) 
CALL CUBIC <FMRY»CAY10*CX, IC*LC»ARATf 
CALL CUb IC (FMHYiCLYlO »CLi IC »LC» ARAT > 
300 RETURN 
ENU 
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suHKouriHfc ccoupc ar»cxc»czc*cvc.cMc*CNc#cu) 

C CAUUuAltS CROSS COUPLING N022LE INTERACTION COEFFICIENTS 

REAL mUHOZIMvONOZC# HON 0 ZY .HoHO/UL # N 0 N 02 UR » HONQ/OL . NQN 070 W . MONO* YL . 

IMONUXiU 

C0HM0h/uP/NuN 02U» UCN02UC * N0N02UH , D5TARUR « OS f AHijL » AEXUL » AEXi IR . 
IRMFSUC»H'«'FSijr»OXN02U*OVN07U#Q2N02U» 

2XKEUC , XKtUH , Y HfcUC / YRfcUR # 2RFUC # 2R£U« 

COMMOli/u*N/nyHO20 t MOUOZOL » H0U02DH #DS I AHOC »OST AHOH » AtXCC . AEXOR # 
IRMFSOU » KMFSUH » UXN020 * 1) YN070 . 02N020 » 

ZXRtUL • XKECR I THEM. » YKEOH • Z«F0C » ZREDR 
‘ COMMOu/S IPE/NOMOZ Y # I JONOZYC# HONOZYR » USTAKYL , UST AR YR * AEX YC # AF x YR , 

1 RMR YL if-wH YR • DXN02Y • 0YMQ2Y • 02N0ZY , 
axREYL*XRfcYR,tHEYC.YHEY«»ZI<EYC*/RtYF 
IFUr. He. 2U>0 TO 60 
C PITCH + YR* COMW HAvr ho COUPLING 

C PITCH UP + PITCH UUWN ( SYMM ROLL > HAVE HO COUPUHG 
60 CuNllMJt 

I K ( NUUUtUL . t'j • 0 . 0 , OR , N0NO2PR • EO • 0 « ) GO TO 60 
RHF 60s ( MMFSOL +HMFSDR ) / 2 , 

C SYMM PITCH UOWH HAS COUPUHG 
CYCSU, 

CUCsO, 

CCCSlj, 

XMRsKhiKSU 

IF(XMR,or.n,03)XMRS,03 

CXCs-,46N63Zl*XMR 

CiCS.,J9y70?*XMR 

CHCs,i4o»*7U*XMR 

CXCS-CXC 



00 TO 

7U 



60 

ext 

z 

u, 

• 0 


CZC 

s 

0. 

• 0 


CYC 

5 

0, 

,0 


CHC 

• 

0. 

.0 


cue 

z 

0, 

>0 


ccc 

s 

0., 

>0 

70 

HETUKi, 

1 




euu 
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SUBROUTINE AMPL < I » ARX* AK2 1 AK Y » ARM* ARN« AKL ) 

C CALCULATES AMPLIFICATION FACTORS 

COMMON/HtF /SRfcF , C . »J » SC ALE * *K£ » YRfc » 7«t # nxHOZ , D Yl <07 » 7ZN0 / , NXNO/2 i 
lOVN04 fc »WN044 

COMMuu/IHCOLF/ UlUCZlHeT'UcMUiCNU.CLlUCXOiCSUteTDftMLiCNO.CLDt 
l CXY»CZYtCYY »CMY »CNY »CCY 

CUMMUn/T OCO tF/ CXT»CZTiCYT * cmt #cnt»clt 
AKXSO, 

ARYSO, 

AK4SU, 

AKLSO. 

AKMSO, 

ARNXU, 

FR1NT1H0U 

1000 FORMA HbOHOAMPLlFICAT ION I? COMPUTED FOR THRUST COMPONFNTS ONLY ) 
PHlNTiOUl 

1001 FORMA | ( SSHO+l IS NO AMPLIFICATION 0 IS THRUST CANCELLATION I 

PK1NT10U2 

1002 FORMA) I sbHO THERE ARE 22 POSSIBLE RCs CONTROL COMBINATIONS ) 

CMPsuu+CM) 

CMTtSJ=.0B09*CMU 

CMArAuS(CMP) 

IF«CMA,Lt.CMTEST)GO TO 10 

CZPsC^U+CZD 

PR1NT100J 

1003 FORMAT (SbHOTHlS COMBINATION INCLUDES A PITCH UP OR DOWN COMPONENT) 
AKz=c<:r/c2P 

AKMSLNT/CMP 

PRINtlOO<**AKZ#AKM 

1004 FORMA) UOHONORMAL FORCE AMP s »F15.0» 17HPITCHING MOM AMp ,F 15 ,A) 

go ro u 

10 CONTINUE • 

PRlNTlOOb 

1005 FORMA I ( &SHO NO PITCH COMPONENT IS CONTAINED IN THIS COMBINATION ) 

11 CLPSCLU+CLD 
CLTESl=.080y*CLU 
CLASABS(CUP) 

IF»CLA.LE.CLTEST)GO 10 12 
1 PRINT 1006 

1006 FORMAI (SbHOrulS COMBINATION INCLUDES A ROLL LEFT OR RIGHT COMP ) 
AKLsCLT/CLP 

PRINT 1007» Arl 

1007 F0HMATI23H0 ROLL AMPLIFICATION s ,F16,fl) 

GO TO 13 

12 CONTI HUE 
PPlNflOuB 

1008 FORMA) (abHO NO ROLL COMPONENT IS INCLUDED IN THIS COMBINATION ) 

13 CNPsCNY 
CNAsALS ( CNP ) 

CNTES)=-.O8O9*CMD/0*C . 

IF<CNA.LL.CHrEST)GO TO 14 

cypscky 

1009 FORMA) (SSHOTHIS COMBINATION INCLUDES A yAw LEFT OP RIGHT COMPOUET) 
PRINTlOuO 

AKNSCNT/CNP 

AKYsCrT/CYP 

PRINT1011*Ary»ArN 

1011 FORMAT (18H0 SlOE FORCE AMP =,F1&.«» 10HYAW MOMENT AMP =,F16.H) 

00 TO lb 

14 CONTINUE 

1010 FORMA | ( SbNOtiO YArf COMPONENT IN THIS COMBINATION ) 

PRINT 1010 

15 CONTINUE 
RETURN 
END 
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SUBROUTINE ATMOSIZ.TT.P.RHO.C.O.V.AM.AMU.AMU.G.GO.TS.TMET.OBC) 

C LATEST COMPILATION BATED b-27-72 
C U.S. sT ANDArtU ATMOSPHERE* 1®62 
2MS4 *o,AII 4H 
AUAKS-5,005462E-04 
BBAKs7,2b4E-il 
C0AKa-l,bl7t-i; 

C OhAvlTAT IOH mL FORCE DETERMINED FROM SMITHSONIAN POLYNOMIAL 
IF (ObC) 10*20*10 
10 THfelPsbo.O-fHET 

THETPKsfHETH/57, 29578 

GOS98u»66b*t l*O».OO2o376*COS(2.O*TH£TPR)+.0OOOOb9*(COS(2*Q*THETPR) 
l)**2) 

DBARS-2.27F-07 
EBAKSI a OE-13 
FtiAHSo.Ut.~20 

Ss.01*((,u+(rtHAi<+DfiAH*COS<?.0*THETr'R) )*ZM+(BbAR+ERAR*CO«;(2.0*THETPR 
1) )*ZM+*2t<CttAK+FBAR*C0S(2,0*THETPR> )*ZM**3) 

GO TO 30 

20 GO s (,0*30.48 

G=O.Oi*»GO+AtlAH*ZM+biiAR+ZM+2M+CBAR*ZM*ZM*ZM| 

30 HMs((,j*4M+AbArt*ZM*ZM/2.0+nRAK*ZM*ZM*ZM/3.O+CHAB*?M*ZM*ZM*ZM/4,0)/G 
10 

GOdSl 0/30.46 
AMOS;!o. 9664 
RSM=u. 3143? 

IF tHw-llOOU.O) 40*40*50 
40 PAS1013.2P 
OHSHM 
TA-2U0. lb 

OTOHs-o.b 
GO 10 190, 

bO IF (HF, -20000.0) 60*60*70 
GO PAs22o. 32 
TA=21 c. 03 
DTUHSu.U 
UMSHfo-U'JOO.O 
GO TO 19U 

70 IF tMF, -32000.0) 00*60*90 
60 PA=*>^,74(*7 
TAsaiu.oS 
DTDHai.u 
OHSHM-2UO0O.0 
GO TO 190 

90 IF (Hi-i-4/000,0) 100*100.110 
100 PAsb.oGO 14 
TAS226.6U 
DTUHS^.a 
DHSHM-JcOOO , 0 
GO TO 190 

110 IF i MFi— 62000 . 0 ) 120.120.150 
120 PAsi. 10905 
TAS270.65 
DTDHSO.O 
DHSHM-47U0O.0 
GO TO 190 

130 IF (HIm-bIOOO.O) 140.140.150 
140 PA=0. 690005 
TAs27u,b3 
0 1 DH--2 . 0 
DHSMM-SZUOO . o 
GO TO 190 

lbO IF (HIW9000.0) 160.160*170 
lbO PASO . 162099 
TAs2b2.Bb 
OTUHs-4.0 
OHSHM-61000.0 
GO TO 190 

170 IF (HM-66743.0) 160*180*230 
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1H0 PASO, 010377 
TASldO.ob 
OTOHsu.O 
OHSHM-79UOO.O 
GO TO 190 
190 CONTIH'Jt 

TM*TA*UIUH*UH/1000t0 
IF (UIUH) 210.2U0.210 

200 PPAsEaPI“GO*AMO*OH/«1Qi>OOO.Q*RSM*TA) ) 

go ro 220 „ , 

210 PPASITA/TM>**»ttO*AMO/C100«0*KSM*OT0H) ) 

220 CONTilxUt 
TEstM*l,H 
TT5 Tt 

B i 7.3025E-07 
p s Prt*HPA*2.0Hti5460 
RHOsAMO+P/ ( lb4b .31 *OOfe*TE ) 

AMU=U*Tt+*l . b/ < 198. 72+TE ) /GOE 
ANUsAwU/KHO 

CsSUKMl ,4*lb4b,3l*G0t*TE/AM0) 

AM s v/C 
G s 0 . 7 *P*AM*AM 

TS s 14. bbE+16*SORT<RMO/0,no23H)*<V/26000.0M<*5, 151**0.25 
G-G/U . 3046 
GO s CO/ 30. 40 
RETURU 

230 IF (2;«-1000tlO.Q) 240.240*250 
240 TMbsit>0.fc>5 
AUMS3.0 
ZUKS90.0 

PbM 5 1.643UE-03 
AMU-20. 9644 
GMs-.u0o44 
GO TO 400 

2b0 IF UH-HOOuO.O) 260.260.270 
260 TMHS210 , 65 
ALMS5.0 
ZHKS100.0 
PUMs3.u07bE-04 
AMU-20. O0 
GMs-,032 
GO TO 400 

270 IF (ZM-120000.0) 200.280.290 
200 TMB=2t»0.o5 
ALM=10,0 
ZBKsllO.U 
PUMS7.3644E-0U 
AMU=20.bb 
GMS-.U49 
GO TO 400 

290 IF Ul«>-lb0000.0> 30U.300.3l0 
300 TMb=3toU.6S 
ALMS2U.U 
2UK=120.0 
PBM=2,b2l7£-05 
AMUs2o.U7 
GMS-, 0363333 
GO TO 400 

310 IF UH-160000.0) 320.320.330 
320 TMU=9o0.bQ 
AUMslo.O 
ZUKslbO.U 
PUM=b.Uol7E-0b 
AMUS26 . 92 
GMs-, o2o 

GO TO 400 

330 IF < 2M“‘ ’90u0 . 0 ) 340. 340.350 
340 TMUS1110.65 
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ALMSlO.O 
ZUKSloO, 

Pt)MS3,|>94JE-06 
AHtJs^o.OO 
GMS«.u2b 
00 TO 400 

350 IF (ZM-l 90000.0) 36<v»360»370 
5b0 TMBSUlU»b5 
ALMS7 ,0 
2BKS170.0 
PBMs2,7v26E-0b 
AMUS2o.4 
6 MS-. 0275 
00 TO 400 

370 IF <ZM-230000.0> 380.380*390 
300 TMHsl.jbu.bS 
ALMsb.O 
2BK=1*0.0 
Pl^U.60b2E-06 
AMU :2b»0S 
0Mr.-. U 2bI5 
00 TO 400 
390 CONTINUE 
0 s o.O 
P = 0.0 
0 = b/0,304o 
60 S wO/30.48 
RETURN 
400 CONT li.UE 

C COMPUTE KINtTlC TE M PERATURF 

ZK=ZM/IU00.0 

AMRATsT ( AMB+uM* (ZK-ZBK) ) /2R.9644 ) 

TMOLsi MB *■ ALM* 1 4K-ZBK ) 

TT»TMOL*AMRAT*l .AO 
41 0 CONUNUt 

C COMPUTE STATIC PRESSURE ’ 

APs< Ti/,H/ALM)- 2UK 
PARrAsUK-ZHK)*! .b25£-06*(2K+ZDK)-.125E-05+AP-, 00325) 

PARTBs) • 125t-0b*AP*AP+, 00325* AP+9.S 18) *ALOG< (2K + AP) / (2BK+AP) ) 

AMOsfco, 9b44 

MS TAksH. 31432 

COEF = -ALM*RSTAR/AM0 

PRLOb=(PARTA+PARTR)/COEF 

P= 2 . 008i»46fl*PBM*EXP ( PRLOG ) 

420 CONTINUE 

C COMPUIE DENSITY. SPEED OF SOUND. DYNAMIC PRE'SSURE 
RHO = P* AMR AT *28 . 4644/ (154*5, 31 + TT*G0E) 

C=SUKT(1.4*P/KH0) 

0=0.b»RHO*V*V 
430 CONTINUE 

C ' COMPUTE MACI1 NUMBER. GRAVITATIONAL FORCE. VISCOSITY + KIN. VISC'TY 
AMSV/C 

G s <u.125E~O5)*2K*2K-.0032&*ZK+9.810 

t'lETA s 7 . 3025E-07 
SUTH •= 198.72 

AMU s HtTA*SuRT <TT**3.0)/( TT+SUTH) 

ANUSAKU/KHO/GOE 

AMUSAMU/GOE 

TS s (4,56E+lb*SORT<RHO/0,0023H)*(V/26000.n)**3.J6)**0.25 

GsG/0,3048 

GO = 00/30.48 

RETURN 

440 FORMAT ( 32H(j UPPER ALTITUDE LIMIT EXCEEDED) 

ENU 


UKttiil NAL I'AtiK IQ 

OF POOR QUALITY 
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-2.2U7E-01 3.l4bE-u2-9.746E-01-3,086E+<il-1.243E+01 9,5niC*00 6.X37E+00 
-2.U60E-01 4.9a4F.-03-9,7ebt-01-?.249E + 01-l.l r >bE + 0l 9.B71E+U0 6.575E+00 
-2.332F-01 3.3b7e-U2-9.7l6E-01-3.U72£+01-1.469E+01 9.416E+00 4.121F+00 
-2.208E-OX 4.1«2E-03-9.753£-01-3.2<;6E+01-1.394E+OX 9.705E+00 4.363E+00 
~2.233E-01-2.u94F.-u2-9.74bE-01-3.047E+(il-1.7(UE + 01 9.359E*00 5.739E+00 
-2.334E-01-b.u77E-03-9.724E-01-3.197E+C*l-1.610E+01 9.700E+00 5.9n2E+no 
-2 . 169E-01 2. 781E-03-9.762E-01-3.007E-*-01-2.ni4E+01 9.273E + 00 6.546E+00 
-2.234E-01 9.693E-03-9.747E-01-?.lb5E+OX-1.9D3E+01 9.615E+00 6.9°3E+00 
-2.09bE-OX-l.b33E-o2-9.777E-01-2.9 70F:>01-2.?5BE+01 9.216E*-0U 6.413E+00 
“2 • 169E-U1-7 , 936E-03-9. 762E-01-3 . XUbE + 0 X-2 • 242E+0 X 9.501E+00 6.8R2E+00 
-2.0b9E-01 <.,974E-02-9.76Xfc-0X-?.933E+(U-2.73XE+nx 9.074E+00 b.366E+00 
-2.U94E-01 3.2b8t-02-9.773E-01-3.0blEm-2.603E+01 9.387E+00 7.042E+00 
-1.7B9E-01 b.a33E-03-9.839E-01-?.Ba7E+Ul-3.121E+ni 8.904E+00 5.618E+00 
-a.ObOE-OX 2.3bXE-02-9.703E-OX-3.007E+(il-2,9QUE+OX 9.160E+00 6.50bE+no 
-X .644E-01-l,333E-02-9,fl63E-01-2.B50E+ni-3.462E+01 6.847E+00 4.0Q0E+D0 
-1.789E-01-2.4l7E-03-9.839E-01-2.953E+f)l-3.3'57E+01 9.0X7E+00 4.519E+00 
-2.249E-01 1.922E-u3-9.744E-01-2.808E-H'l-3.?R9E+01 8.B1BC+00 3.7R9E+0U 
-1.643E-OX-J.37OE-O2-9.058E-O1-2.9O4E+O1-3.678E+IU 0.9Q9E+OO 4.32XE+00 
1.622E-01 0. -9.H33E-01-4.0to6E-t-01-5.366E+OU B.192E+00 6.760E+00 

i • B22E-01 U. -9.e33t-01-4.066£+01-b.366E+00 6.X92E+00 r.,760E+f)0 

1.022E-O1 U. -9.a33E-OX-4.0bbE + OX-7.37XE + Ou 8.X92E+00 fi. ,V>I,E+00 

1.822E-01 U. -9.833E-01-4.066E + 01-H.374E*-0u B.192E+00 6.76UE+00 

X.B22E-01 u. -9. 633E-01-3. 964E+01-9 . 501E+0U U.X92E+00 6.328E+00 

-1.703E-01-9.b35E-0l 2.48bE-01-3 .465E+01-1 . n67E+0U-l . 075E+01 2.O05E+OO 
-b.405E-02-y.945E-OX 9. 00BE-02-3. 10nE+Ol-l . 299E+00-1 . 075E+01 6.569E+00 
2.567E-01-7.7U6E-03-9.b6bE-01-4.104E+01-5.9B4E+00-O.B224 4.464E+00 

3.068E-01-l.bb5E-01-9.371E-01-4.0B8E+01-b.499E+OU-0.7272 4.464E+90 

3.546E-01 3.181E-01-8.792E-01-41,20 -5.5X7 -0.5« 4.464E+00 

3 . 06BE-01 i.ob5E-0X-9.37XE-0X-4X,U4 -b.OOB -0.7272 4.464E+00 

3 . B46E-01-3. lBlF-ul-8.792E-01-4,072E+01-6.9 a OE + 0 0-0.54 4.464E+00 

3 • 9H6E-0X-4 ,b70E-OX-7.947E-OX-4, 058E+Q1-7 .4 4 2E +00-0, 266 4.464E+00 

3 . 986E-01 4.578E-01-7.947E-01-41.34 -5.065 -0,266 4.464E+00 

4 . 37bE-0X-b. 613E-0X-6. B60E-0X-4 , 04bF.+01-7 . 0U3E+OOU . 067 4.464E+00 

4 • 376E-0X b.aX3E-OX-6.660E-0X-«X.46 -4.664 0.037 4.464E+00 

4 . 703E-0X-b . b50E-0X-b, 56SE-0X-4 ,035F.+Ul-B.179E+000,506 4.464E+00 

4 • 703E-0X b.at>OE-uX-5.56bE-0X-4X.57 -4.33fa 0.506 4.464E+00 

4.957E-01-7.b5bE-0l-4. lUOE-01-4,027E+f)l-0.440E+000.981 4.464E+00 

4 • 957E-01 7.b5bE-01-4.X00£-0X-4Xib5 -4.077 O.98X 4.464E+00 

b.X3XE-0X-o.2O8E-0X-2.5XXE-(lX-4.02XE+0X-a.bl9E+0ul .496 4.464E+00 

b.X3XE-0X tl.200E-OX-2.5XXE-OX-4X.71 -3.696 1.496 4.464E+00 

b. 219E-01-0 • 488E-01-B. 455E-02-4 .01 8E +01 -8. 71 UE +002.036 4.464E+00 

b .2190-01-6 . 488E-01 0 . 455E-02-4 . U18E+01-8 . 7 t 0E+0U2 . 584 4.464E+00 

•J.2X9E-01 O.488E-0X-8 . 45bE-02-41 ,74 -3.307 2.036 4.464E+00 

b • 131E-01-O. 200E-01 2.61 IE-01-4 .Q21E+01-8.619E+002.584 4.464F+00 

4 . 703E-0X-fc .abOE-ol b. b6bE-01-4 . 035E+01-8. 179E+004 . 1 14 4.464E+00 

4.9b7E-0X-7.bbbE-01 4 . 100E-fll-4 .027E+01-6.44uE+0u3.b39 4.464E+00 

4 • 376E-01-5 , 813E-0 1 6. 660E-01-4 , 046E+0 1-7 . 043E+OO4 . 533 4.464E+O0 

3.986E-01-4.b78E-01 7 . 947E-01-4 . ObBE+01-7 . 442E+0u4 ,086 4.464E+00 

2 • b67E-01-7. 706E-0O 9.665E-01-4 . 1U4E+0 1-5. 9«4E+0uS . 442 4.464E+O0 

3. 068E-0 1-X . bbbE-01 9 . 371E-01-4 . O80E+ Ul-b . 409E Oub.347 4.464E+00 

3 . 546E-01-3. X8XE-0 1 8 . 792E-01-4 , o72f;+01-b .ooyE+005. 16 4.464E+0Q 

X. 839E-01-2. 4b6E-U2-9.82ot-01-3.bbHE + 0 1-8. 33bE *-00-10.7? 1.160E+00 

2 • 4 18E— 0 1 — 1 .637E— 01— 9.526E— 91— 3.bblE+01— 6. 549E+0U— 1 0 .663 1 . 160F+00 

2.97XE-01-3.3b5E-01-8.940E-01-3.bb?F+01-8.7*i4E+00-10.5R3 1.160E+00 

3.4«OE-OX-4.7b4E-01-O.OOUt-OX-?.t34bE + 01-B.942E + OU-lll.46n' 1.160E+nu 
3 • 930E-01-6. 992E-0 1-6.970E-0 1-? . 640E+0 1-9. 1 09F + 00-1 11 , 31 b 1.160E+no 
4.308E-0X-7.u31E-01-b.bb8t-fU-3.b3bF+Ot-9.246Et00-l0. 142 1 . 16UE+00 

4.602E-01-/,o38F-ijX-4, 169E-0X-3 , 631 E +01-9 . 357E+0U-9. 94 1 1.160E+00 
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4.a04E-Ql-b.39lE-0l-2.553E-01-3,62HE+01-9.43lE*00-9,724 X.160E+00 

4.90bE-01-b.b/2E-01-8.597E-02-3,b27E + <U-9.4(.9E + 00-9.4‘V> 1.16UE+00 

4 , 906E-0 X-o • b 72E-0 X 8.597E-02-3.b27E+01-9.4A9F40u-9.26'5 t.XftOE+OO 

4 • BU4E-01-0. 391E-0 1 2.bb3E-01-3.b28E+Ul-9. 431E+0U-9 . 037 1.160E+00 

4,b02E-0X-7.b38E-0X 4. 169E-Ol-3,631E+01-9.357E+Ou-8.8n 1.160E+00 

4.308C-0X-7.03XE-0X 5.6&8E-01-3.b35E+01-9.24aE+no-e.619 1.160E+00 

3.930E-01-b. 992E-01 b.97bE-01-3.to40E+01-9.in9F+0U-B.442 X.X60E+00 

3.480E-01-4. 7b4E-0i B.Q80E-01-3.b46E+0i-6.942E+n0-8.293 1.160E+00 

2.971E-01-3.3b5E-0l 8.94OE-Ol-3,bb3E*01-a.754E+Ou-B. 177 1.1*OE+00 

2.416E-01-1.037E-01 9. 52BE-01-3.bblE+01-H . 549E+00-B . 098 l.lfiOE+OO 

B39E-01-2.4bbE-02 9.82bE-01-?.b6BE+01-B. 33SE+OU-0 , 050 X . lfiOE+00 

-X.UOOE+OO 0. -T.beoE+OO-b.loaF+OU b • 063E+00 2.18bF+0l 

-X.UOOE+OO 0. -3.4X3E+00-H.X92E+nu 3.926E+00 1.311E+01 

-l.UUOE+OO 0. -7.680E+00-0. 192E+0U 2.162E+00 2.075E+01 

-X « OUOE + OO 0. -3.4X3t + 00-b.X92E+OU X.081E + 00 2.07bE+01 

-9, 9B9E-01-4 i 757E-02-7 .bOOE+OO-B. 164E+0U-B , 974E-0 1 1.X48E+0X 
-9.9B9E-01-4 • 757E-02-3.413E+00-B. 1 3bF+Oo~l . 195E+00 1.X40E+OX 
-9. B24E-01-3. 04BE-01-7.680E+00-7 .879E+0O-2.5O3E+00 X.434E+0X 
-9.b24E-01-3.04dE-Ot-3,4i3E+00-7.6b2E+00-3,214E+00 1.434E+0X 
-7.bb8E-oX-b.536E-OX-7.b80F. + 00-b.8H4E+00-4.5 , ilE+00 1.588F+P1 
-7.bb8E-0l-b.536E-01-3.413E+00-b.343E+0u-b.l77E+00 1.58BE+01 
-o. 347E-01-7. 727E-0 1-7, 680E + 00-5 • QflbE + Ou-b. 457E + 00 1.979F+01 
-O.347E-0X-7.727E-01-3.413E+00-4.2J0E+00-7.X11E+00 1.979E+01 
-2.l95E-0X-9.75bE-01-7.b80E+00-2.27oE+00-8.022E+00 2.239F+01 
-2.19bE-0l-9.75oE-01-3.4X3E+00-l.l 3BE+00-B.278E+00 2.239E+01 
b52E-02-9» 978E-01 0. -1 . 715E+01-B . 534E+00 6.941E+00 3.204E+OO 

b52E-02-9.978E-0l 0. -1 .4b9£+01-8. 363E+00 5.514E+00 1.314E+f)l 

b52E-02-9.978E-0X 0. -1 . 715E+01-B . 534E+0U b, O06E+0O 5.912E+00 

652E-02-9.9 78E-0X 0. -X .459E+01-B. 363E+0U 2.788E+00 1.248E+01 

bb2E-02-9 • 978E-0 l 0. -1 .715E+01-B.534E+00 2.475E+00 1.084E+01 

225E-02-9. 975E-01-4 . 750E-02-1 .4b9E+01-B . 335E+00 1.707E-01 6.899E+00 
754E-02-9. 9 70E-0 1 0. -1 . 715E + 0X-8. 505E + 00 3.124E-01 7.231E+00 

397E-02-9. 823E-0 1-3.047E-01-1 «4b9E+01-8 • 079E+00-1 , 764E+00 8.6n3E+00 
484E-02-9.B47E-0X-1 .575E-01-1 . 715E+01-8. 164E+00-1 , 735E+00 8.320E+00 
900E-01-7.446E-01 4.533E-01-1 .715E+Ol-7.908E+0u-3,726E+00 1.012E+01 
blbE-01-B. 796E-0X 1 . 135E-01-1 . 715E+01-8. 420E+OO-5. 262E+00 1.155E+01 
708E-01-o.bb9E-01-2.140E-01-1.71bE+l/l-B.306E+0U-7.055E'’00 1.22SE+01 
OJlE-OX-b.b20E-02-9.100E-OX-1.715E+01-7.140E+00-8.022E+00 l.l*7E+ni 
238E-0 l-9.u74£-ul-9, B74E-02-2 • 37^E+0 1-9. ?4bE+00 7.851E+00 2.618E+00 
2b8E-01-9.92XE-0l 0. -2. 173E+01-B. 9A0E+00 7.254E+00 2.6n6E+00 

127E-0 l-9«9U2E-01-b.252E-02-2 .375E+01-9. 160E+00 6.59QE+00 6.266E+00 
612E-02-9.9S2E-01 0. -2 . X 73E+01-B. 904E+00 b.774E+00 4.676E+P0 

b38E-02-9« 94 7E-0 l-3.82bfc.-02-? . 375E+0 1-9.0 74E+0U 4.665E+00 6.757E+00 
42XE-02-9.964F.-0X 0. -2. 173E401-B.875E+00 3.584E+00 8.562E+00 

6b2E-02-9. 960E-01-4 . 527E-02-2 . 37BE+01-9. 0 1 7E + 0U 2.361E+00 5.71UE+00 
025C-02-9. 975E-01 0. -?. 173E +01-B. B47E+0U 1.394E+00 5.7O2E+00 

853E-02-9. 9S9E-0 1-6. 86BE-02-2. 375E+0X-U • 932E+00 2.845E-01 7.528E+00 
930E-02-9,B43e-oi-1.57bE-01-2.173E+01-U,67bE+no-7,6flnE-oi 6.b66E+00 
379E-0X-B.805E-01 4 . 536E-01-? . 3 75E+01-9 . 24bE+00-2 . 190E+00 9.689E+00 
OSXE-OX-b. 495E-01 5. 171E-01-2 . 173E+IU-9 . 444E+0u-3 . 072F+00 7.0O0E+O0 
3X4E-01-9, 721E-01 1 . 944001-2 . 375E + 0 1-1 . 030E+01-4 . b37E+00 7.979E + nn 
fo3bE-0X-9. 764E-U1 1 . 262E-01-? . 173E+01-1 . 0 13E+0 1-5 . 462F+00 a.l^lE+no 
5905-01-9. UB5E-0 1-3. 86bE-01-?.375E+U 1-1. OfUE+0 1-7. 704E+00 1.338E+01 
4b7E-02-9.bU7E-01-2.422E-01-?.173E+01-9.444E+n0-8.5OtE+0n 8.540E+00 
165E-01-X, 746E-01-9 . bObt-O 1-2 ,375E+Ol-7.96bE + 0u-1.0X9E+01 X. 144E+ni 
B73E-01-t>. 795E-02-9 . b6 1 fc- 01-?, 17 3E +01-7. 026 E 400-9. 785E+00 B.°23E+no 
271E-0X 4 . bB9E-0 1-6. 261 E-01-2.375E+ 01-4 . 7 r >uE+00-9, B^OE+UO 1 .127E+01 
1.497E-01-9.7o6E-01-1.542E-01-7.970E+01-l.ntbE+0l H.42OE+90 4.8n8EfnQ 
1 .427E-01-9.B48E-(il-9.fi4UE-02-2. 773K + 0 1-9 . 745E + 0U 7.n7nr +0 n 2.5^1E+O0 
1 . 429E-01-9. bO3E-0l”H .219U-02-? .970E+ 01-9.4 84F+0U b.9l2E+00 *. 114E + 00 
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1.429E-0i-9.oo3K-ul-«.2l9E-02-2. 7736 +01-9.6436+00 9.230^+00 b. 1146 + 00 
1.433E-01-V.ba9E-0l-3.«04t-02-?,9706+(ll-9.rt42C+0u 4,0076+00 b.bO56+00 
1 .433E-01-9. 8096-01-3. 804E-02-2, 7736+01-9. 529E+0U 4,(1686 + 00 6.6 05E+O0 
1.433E-Ol-9.ea7E-in-«.494E-02-2,970E+Ol-9.75?6+no 2.702E+00 5.591F+00 
l. 4336-01-9. 88?E-0l.-4,494E-02-7,773E+o 1-9. 4446+OU 2.0776+00 5.591E+OQ 
l.43iE-01-9.874E-Ol-b.B09E-02-2.970E+ni-9.643C+Ou b, 2586-01 7.379E+00 
l.43ie-Ol-9.B74E-OJ.-b.G09fc-O2-2.773E + Ol-9.3<>2E+0U-1.991E-Ol 7.3796+00 
1.278E-01-8, 8176-01 4 .S42E-01-2 .970E+U1-1 . 0016+01-1 ,9636+00 0.4046+00 
1 .2786-01-8.8176-01 4. 542E-01-2.7/3E+01-1. 0216+01-2. 9016+00 9. 4046+00 

1 .4076- 01*9. /U8K-01 l . 9426-01-2 .970E+01-1. 1 1 5E+0 1-4 , b‘>ii6 + Q0 7.7646+00 

1. 4076- 01-9. 7066-01 1. 942t-01-2. 773fc+f) 1-1. 104E + 01-6, 54 76 + 00 7.764E+00 
1 • 322E-0 1-9, i21E-ot-3.C01t-01-?,970E + f)l-t. 092E+01-7 , 737E+00 l. 2^56+01 
1 . 322E-01-9. A21E-ul-3. 681E-01-? , 77 3£ + 01-1 • 00 7E + 01-9 , 0746 + 00 1.2056+01 
c:. 7 UE-02-l.b70F.-01-9.ft20E-n 1-2. 9706 + 0 1-8. 5O1E + 0U-1.064E + 01 1 .075E+01 
3.UOE-O2-1.78OE-Ol-9.634E-Ol-?.773E+Ot-7.O*jbE + 0O-l.OB7E + Oi l. 124E+01 

-O.674E-02 3. 0386-0 1-9. 21UE-0 1-2 .9706+0 1-4.7796+00-1,0526+01 1. 3096+01 
0. 4 . obbE-01-8. 7426-01-2,7736+01-3.4136+00-9,9566+00 1.035E+01 

3. 8186-02-9. 9096-0 1-3. l21E-02-3.41hE+01-l. 0676+01 9,0466 + 00 5. 1336+00 
O.944C-02-9.838E-01-1 • 5536-01-7 .291E+0 1-1 • 052E+O1 8.135E+00 3.0046+00 
9. 023E-02-9. 9256-0 1-8. 271E-02-3.416E+01-1. 0506+01 b. 9176+00 3.H74E+O0 
9.U23E— 02-9. 925E-0 1— fl . 2 7 1E— 02-3 . 29 1E+ 01-1. 03 36 +01 6.230E+00 3.8746+00 
9 • U47E-02-9. 9526-01-3 .8286-02-3. 4 16E+0 1-1 • 0356+0 1 4,8076+00 4.1566+00 
9 . U47E-02-9. 9b2E-ol-3 ,8286-02-3, 29 1E+01-1 .0216+01 4,0666+00 4.16bE+00 
9 . U44E-02-9. 9496-0 1-4. 522E-02-3.41bE+0 1-1. 0276+01 2,7026+00 3.5436+00 
9. 0446-02-9. 949E-01-4.522E-02-3.291E+01-1. 01 36+01 2.0776+00 3.5436+00 
9. 032E-02-9.93bE-01-b.652E— 02-3. 4166+01-1. OlbE+Oi b,25ne-01 4.b7b6+00 
9. 0326-02-9. 93bE-01-b.Hb2E— 02 — 3.c91E+01-9.9>146+Ou-1.991E-01 4.b7bE+no 
b.055E-02-e,8blE-ol 4 . 86bt-01-3.416E+0 1-1 . 052E+01-1 . 9636+00 5.9676+00 
b.0S5E-02-b.bblE-01 4 . 56bE-01-3 .291E+0 1-1 . O09E+O1-2 . 901E+00 5.9676+00 
8.879E-02-9. 7b7E-01 1 . 953E-01-3. 4166+01-1 . 16bE+01-4 . 694E+00 4.9216+0 0 
8. 879E-02-9. 7676-01 1 . 953E-01-3. 291E+01-1 . 172E+01-5 . 8476+00 4.9216+00 
8. 336E-02-9.170E-01-3.902E-01-3.416E+01-1. 1446+01-7. 7376+00 6.212E+00 
8. 336E-02-9.170E-0 1-3. 902E-01-3.291E+01-1. 0756+0 1-9. 074E+00 8.2126+00 
1.701E-02-1. 8716-01-9. 822E-01-3. 4 16E + 01-9. 103E+0U-1 . 0646 + 0 1 6.861E + 00 
1.701E-02-1.871E-01-9.822E-01-3. 2916+01-7. 7946+00-1. 0876+01 6.8516+00 
-3.262E-02 3. 5886-01-9. 328E-01-3.41bE+01-b. 2 34E+00-1, 0526+01 8.931E+00 
U. 3. 8466-u i-9,231E-0 1-3 ,29 1E+0 1-3 . 755E+0U-9 ,9566+00 6.331E+O0 

b.015E-02-2.491E-ol-9. 6726-01 1 . 428E+01-1 . 243E+0 1 6.770E+00 3.151E+01 
3 .951E-02-9. U96E-U2-9 ,9516-01 7 . 197E+00-1 . 1556+01 b. 3156+00 4.5726+01 
-1 • 302E-0 1 2. 427E-02-9.912E-0 1-0, 7b 16+00-1 .243E+01 b. 4206+00 1.56UE+01 
-1. 1716-01-4. 334E-02-9.922E-01-1. 2746+01-1. 155E+01 b. 9! 26+00 1.8326+01 
-1. OBOE-Ol-4. 2496-02-9. 932E-01-1 .98foE+01-l .243E+01 7,7666+00 1 .0“6E+01 
-1.227E-01-U. -9. 924E-01-2. 2476+01-1. 158E+01 8.0506+no 1.0126+01 

-1 . 738E-01-U , -9. 84BE-01-2. b456 + 01-l. 2436 + 01 0.6196+00 5. 8466 + 00 

-1 . 923E-0 1 3. ib4E-0 2-9 .8086-01-2 . 79 1E+01-1. 1556+01 8.90UE+00 5. 8696+00 
8. 824E-02-5. 8926-01-9. lObE-Ol 6. 230E + 00-1 .4596 + 01 b. 8556 + 00 1.526E + 01 
6 . 134E-02-1 .297E-01-9.902E-01 1 . 735E+00-1 . 3946+01 6.4296+0(1 2.JB4E+01 
-1.1686-01 1 .814E- 14-9 ,9326-01-1 . 030E+01-1 .45bE+0l b, 5436+00 1.0976+01 
-1.297E-01 9. 4326-02-9. 871E-01-1.371E+01-1.. 3046+01 b.998E+00 1.1126+01 
-1 • 299E-01 y. 4456-02-9. 87UE-01-? . 022E+01-1 . 45bE+0 1 7.794E+0U b. 1686+00 
-1 . 081E-01-U . -9. 941E-01-2. 2396+01-1. 3046+01 8.0796+0(1 7.4136+00 

-1 . 580E-01-U . -9. 874E-01-?.b43E+01-l .4696+01 8.5916+00 4.0586+00 

-1 . 737E-01 3, 884E -02-9, 84 IE- 01 -2 .788E+01-1. 3946+01 8.8476+00 4. 1516+00 
O.400E-02-1.8U3E-01-9.800E-01 7 . 9956-0 1-1 . 7i) 1E + 01 b. 9696 + 00 1.965E+01 
7.361E-02-1.1256-U1-9.909E-01-2.580E+00-1.6106+01 b. 57 16+00 2.0586+01 
-1 • 159E-01 1.759E-02-9.931E-0171. 158E+U1-1 .7016+01 b.65bE+U0 1.4086+01 
-1 . 168E-01 2. 190E-02-9.929E-01-1 .4826 + 01-1.6106 + 01 7, 0556 + 00 l.50f>6 + 01 
-1 . 275E-01 2 . 3906-02-9. 91bE-01-2. 0856+01-1 .7016+01 7.766E+00 n.?2b6+00 
-1.3046-01 3. U976-o2-9.9iot-Ot-?. 2846+01-1 .bluE +01 o. 0 r ’ 06+00 6 . 0396+00 
-1.8B0E-01 3. 0986-02-9. 817E-01-2.634E+01-1. 7016+01 8.562E+00 5.579E+00 
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•1 .680E- 
7.U23E- 
8.487F.- 
.263E- 
.lb9C’ 
.322E- 
.275E‘ 
.029E- 
.tiHlE- 
.003E’ 

7 , 7f>0C' 
■1 .431E- 
•1.263E- 
-9.939E' 
-1 .322E' 
-1.961b 
-1.629E 
J.993E 
6.906E 
-1.482E- 
-1.430E- 
-1.271E- 
-9.950E- 
-1 .bOlE- 
-1.960E- 
1 . 149E- 
3.980E- 
-1.764E- 
-1.483E- 
-1.414b- 
-i .272E- 
-1.498E* 
-l.bOlE- 
1 .333E- 
1.149E- 
-4.236E- 
.765E- 
» 244F,- 
* 4 14E' 
.644E 
. 4 9BE 
.201E 
■ 2812 
. 46bE 


1 
■b 
1 
•1 
•1 
■3 
1 

■4 

U . 

0 . 

■b . 256E - 
-l.b21b- 
-1 .644E- 
U . 

u • 

u . 

IJ . 

0 . 

u • 

-1 .320E 
-l . 7bbE 
-i.378F 
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